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FOREWORD 

Br SIR WILLIA3I MAGARTHDR KCR DB 0 MJ) 

In ftnn n nnnng the appearance of the first article on the treatment 
of MTLT wounds and air raid casnalties in the Bnitsh Medical 
Journal of April 16 1939 the Editor said At the moment of 
going to press it looks as though the decision to pnnt these 
articles may he justified by events The forecast unfortunately 
has proved to be true and the puhhcation of the artaclee m book 
form finds ns at war with Germany Throughout the aimous 
months of the past year the medical profession, energetically 
graded by the British Medical AaspcmtioorbA* tiusy m pre- 
paring itself for actiom The outbreak of waj^uud us ready to 
take up our poets. The pra^Jtloff 6f medicine and of surgery must 
now be adapted to the altered circumstance, and many medical 
men will find themselves obliged to learn new teclmiques and new 
modifications of old ones No one can do better than to make a 
start by reading the articles m this volume^ I am sure it will 
prove of great practical assisfance to those called on to deal with 
battle and air raid casualtaes m the present war 

These arholes cover a wide range of wur time casualties, 
whether falling within the surgical, psychological, or chemical 
domains, and information dealing with the problems of emergency 
medical orgamiabon has also been mcloded. The papers have 
each been written by a recognized autbonty on the particular 
subject, and first-hand experience of recent campaigns parti 
cularly that m Spam, has been fully drawn on to bnng our 
knowledge up to date 


W P SIaoAbthub, Lieutenani-Omeral 
Director Ocneral Army Medioal Services 

Ttl 




PREFACE 


By the editor OF THE BRITISH MEDICAL JOURNAL 

The signed articlea now ropnntcd m book form have appeared 
week by week in recent months, intermptmg the senes on 
Trraimeni tn Qtneral Vmctioe which began at the end of 1934 
and of which three groups were pobliahcd later as Volumes I 
n and HI under that title Most of the present senes were 
ongmally given os lectures at the Bntiah Postgraduate Medical 
School others, supplementing them were contnTiutod at our 
mvitatiou. The purpose of these lectures end articles was plam 
to every reader and one duty only remains to thank the authors 
for their co-operation m a good cause and to express our gratitude 
to the distinguished head of the Army Medical Services for his 
kmdness m wnting a foreword to the collected senes, 

Odo6er 1939 
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WAR WOUNDS AND AIR 
RAID CASUALTIES 


THE TREATMENT OF WOUNDS IN WAR 

Br COLONEL J M. WEDDELL, F RGB 

Expeeikhoe gamed m previona campaign! is by no means always 
reliable We have to be prepared for now typ« of destructive 
TniMilwi and different conditions of fighting with the result that 
the technique of wound treatment may require considerable 
modification- For example the mobfle warfare m South Africa 
over Btm-dned relatively sterile soil was very different from the 
stationary trench w arfar e m France and Flanders. In South 
Africa it was found that with the appbcation of the first field 
dreasmg and sterOizabon of the surrounding alnn the majority of 
the wounds healed by first intention In France the fighting was 
mainly stationary and over culhvated and highly manured soiL 
The result was that the meu m the trenches were soaked and 
plastered with grossly infected mud containing organiams of 
every variety mcloding the anaerobes of tetanus anrl gas 
gangrene. In South Afnca the majonty of wounds were inflicted 
by the high veloaty small bore ballet of the Mauser type and 
relatively few by shell fire. In the great war wounds from b^gh 
explosive shells and shrapnel increased to an enormous extent 
and wonnds from missflea of relatively low vdoaty such as 
trench morta rs, bombs, and hand grenades, wer e added, with 
exceedingly severe results. The advances made m recent years 
in m ech anu ation and the power of the an arm will present new 
problems m the way of medical organization and requirements 
In the field wonnds are inflicted by bayonet, sword and 
lance by high velocity small bore rtfle and machme-gun 
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bullets ; by sbrapnel and bigb-explosive sbeUs , and by bombs, 
band grenades, and trencb mortars 

EFFECTS OF inSSILES 

Bayonet, sword, and lance “wounds are relatively infrequent m 
modem warfare Many soldiers are lolled outngbt on tbe Reid, 
and few survive to come into tbe bands of tbe surgeons Tbe 
wounds may be of any nature, correspondmg to tbe type of 
weapon employed 

Rijie and machine-gun bullets depend for tbeir effect on tbe 
velocity of impact and also on mstabdity Tbe modem pomted 
bullet IS more unstable than the blunt-nosed Mauser type, and 
mflicts more severe damage on mtemal organs That is to say, 
there are relatively fewer clean perforations of bone and viscera, 
and more damage is done to tbe mtemal organs m the way of 
laceration and disraption The small-bore bullets bave a fixed 
weight and shape, and a high mitial velocity which is lost slowly 
They bave great power of penetration and relatively infrequently 
lodge m tbe body They do not tend to carry clotbmg mto tbe 
wound Explosive exit woimds at short ranges are almost 
mvanable Multiple wounds are uncommon, except when 
infli cted by ma dune-gun bullets or when tbe same bullet traverses 
several parts of tbe body The explosive does not affect tbe 
woimd 

Shell fragments, shrapnel, etc , bave no fixed weight or shape 
They bave a lower mitial velocity, which is lost more rapidly 
They are haphazard in action, often cause multiple mjuries, and 
depend for effect less upon velocity than on tbe size and shape of 
the fragments They bave a lower power of penetration and often 
lodge m tbe body They frequently cany clothing and gross dirt 
into tbe tissues Explosive exit wounds are rare Tbe effect of 
tbe explosive is as destructive as the fragmentation (that is, 
blast) 

rxFEdTvuxy of jiissiles 

All missiles must be considered as infected Tbe bigb-velocity 
nfle and maclune-gun bullets, while they do pass through dirty 
clotbmg and unwashed skm, do not tend to carry clotbmg mto 
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THE TREATJIENT OF WOUNDS IN WAE 
th® wound, and the infection u &8 a rule more supdfiaal and 
more amenable to surgical treatment. Shrapnel, shell frngmenta, 
fragments of miaeflea of relatively low velocity (bombs hand 
grenades etc.) very often carry dotbrng and gross dirt into the 
wounds and all such wounds must be regarded as heavily infected. 

Infection of the wound track » n most important factor 
Experience has shown that organisms are implanted mto the 
wound track, but do not tend to invade the surrounding tissues 
for about twelve hour*. It is obvious that the apphcation of 
antiseptics cannot stcrUixe the tracks of deeply penetrating or 
perforatmg wounds. The only effective method of rendering such 
wounds sterile is by early and effiaent surgery end if this can 
be earned out as soon as possible and certainly before the lapse 
of twelve hours, there is a good chance of eradicatmg the infec 
tion, and m a considerable number of cases the wounds can bo 
closed by primary suture. It tnnst be stressed that these pnmaiy 
sutures take considerablo tune and must be done by an expen 
enced surgeon nnder the best aseptio conditions m some cases 
exasion cannot be earned out completely for anatomical reasons 
To close an inadequately excised wound is to subject the patient 
to a very grave risk to hmb or even life. Primary suture is the 
ideal treatment. 

In cases received later than twelve hours or when satiafactory 
exdsion of the wound track cannot bo earned out the method 
of delayed primary suture is most useful. This consata m 
excision of the damaged skm edges and track as completely aa 
possible removal ofany foreign bodies and efBaent haemostasis. 
The wound is left open and packed with gauze soaked m flavme 
or some mild antiseptic If progress is favourable such wounds 
can often be closed by secondary suture three or four days later 
Incidentally cases treated by this method stand transport quite 
well and can be evacuated as soon as they have recovered from 
operation To give these operationa the best chance of success 
it 18 essential to get the patients to the operating centre aa rapidly 
and m as good condition aa possible for operation. Therefore 
the prmciples of early treatment are the control of haemorrhage 
the prevention of shock and rapid evacuation 
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Phster-of-Pans — Many good results iave been reported from 
Spam from tbe immobilization of infected fractures and wounds 
of the limbs m plaster on tbe Imes of the Wmnett-Orr treatment 
for osteomyebtis Immobilization is of very great value m tbe 
treatment of war wounds I am of tbe opmion tbat tbis form 
of treatment should be reserved for tbe base hospitals and not 
be used m tbe early stages, when there is any possib±ty of an 
anaerobic infection 


AT THE DRESSING STATION 

In the field rapid evacuation is contramdicated m certam 
cases These are cases m which shock is hkely to develop or be 
aggravated durmg transport Operation is therefore advised at 
dressmg stations 

1 To control haemorrhage 

2 Eor the removal of crushed and mangled extremities Tins 
can be earned out satisfactorily with local anaesthesia and often 
without an anaesthetic at all, as the hmbs are frequently m a 
condition of “ local ” shock and sensation is absent 

3 Suture of gapmg or vahoilar pneumothorax This is most 
useful m cases where there are large open wounds mto the pleural 
cavity The tissues of the thoracic wall down to and mcludmg 
the muscles can be drawn together with temporary sutures to 
close the openmg This gives great rehef to the respiratoiy 
distress of these patients, and can qmte well be done with local 
anaesthesia or even no anaesthetic at aU If it is not possible to 
suture such a wound, packmg the cavity with a large pad of 
moist gauze and approximatmg the woimd edges with strappmg 
will also afford considerable rehef 

The treatment of gunshot wounds mvolves first aid and 
operation First aid is given to tide over the immediate neces- 
sities of the patients, to reheve their pam, and to put them m as 
good a condition as possible for operation Operative treatment 
will be necessary for aU the more severe types of wounds if tune 
and conditions permit The prmciples of first-aid treatment are 
the control of haemorrhage , the apphcation of a protective 
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dressing to the rround and tlic itnroobiUiatioti and extension of 
froctnrw and the prevention nnd treatment of wound ahoch 

COVmOL OF lUEMORBDAOF 

Tourniquets are not nearly so freqoently necessary as might 
be imagined and n tourniquet can Imj a ^ ery dangerous weapon 
Eiery patient on whom a tourniquet has been applied must bo 
clearly labelled with the time of Application The pressure needed 
is only equal to that of the Wood pressure The dangers are 
(1) Local infection which almost invariably follows tlie prolonged 
use of a toumiqueb Massive gangrene of hml*s has occurred 
on many occasions (2) Tissue damage and sJiocX (3) They are 
very painful Tourniquets are more dangerous on the upper 
than on the lower extremity 

rn-icrtTRES 

The Immobihiation and the extension of fractures at the 
eathcflt possible moment are of the utmost importance Im 
mohnization during transport adds yerr greatly to the comfort 
of the patient and is of much assistance m the prciention of 
shoeW. Considerable swelling ma\ appear in a wounded bmb 
within a few hours from either hoemorrhage or indammation 
Such sweUiDg occurring under a firmly applied splint may caasc 
pressure effect* varying from a local pressure sore to complete 
gangrene of on extremity It should therefore be the rule (at a 
dreasing station) to take down nnd examine any splinted bmb 
m which there is excessive pain or in which the orculation of the 
extremities appears to be impeded 

FuevramoN akd TBtATME:<T OP anoex 
■\Vithout going into the pathology of wound shock there are 
•everal points m the treatment of the wounded which undoubtedly 
do prevent shock or aasut m it* treatment These are 

TTanntA — It is essential to keep the poticnta warm bnt not 
overheated^ as this will causo exccsaive loss of fluid by sweating 
A patient on a stretcher must bo protected with a waterproof 
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steet, and blankets uudemeatb as well as on the top Artificial 
beat can be employed m tbe way of bot bottles, electee cradles, 
etc Ambulances must be warmed 
Restoration of Fluid — ^In gunshot wounds tbe patients are 
often suffermg from a sbock-baemorrbage complex Therefore 
haemostasis and tbe restoration of flmd to the tissues are of vital 
importance Eor those who can take flmd by the mouth, hot 
sweet tea is an excellent means of restoring flmd and warmmg 
the patient Other means are mtravenous infusions and the 
transfusion of blood 

Reli^ of Pain — ^The mjection of morphme (£ to ^ gram) is an 
excellent sedative , whenever morphme has been given it is 
essential that a record should be made of the dose and time of 
mjection, and this must accompany the patient 

SOME USEFUL POINTS 

As already mentioned, the immobilization and extension of 
fractures are of the utmost importance Patients should be 
handled and moved gently and placed m as comfortable a position 
as possible — ^for example, flexion of knees m abdoramal wounds 
Unnecessary changmg of dressmgs should be avoided 

The foUowmg are a few pomts m the early treatment of some 
special cases 

Wounds of the Sjnne — Fractures and wounds of the spme 
should be transported m the prone position on a stretcher, mth 
the exception of wounds and mjunes to the cervical vertebrae 
In these the patient should he on his back with a stiff pillow or 
support imder the neck to avoid flexion The above vtU apply 
especially to cases with spmal injuries from fallmg masonry or 
from being buned m trenches In wounds of the spmal cord 
with paraplegia no attempt should be made to pass a catheter ; 
the bladder should be allowed to distend and overflow, or ex- 
pression may be teed The most satisfactory method of prevent- 
mg infection of the urmary tract m these cases is by a suprapubic 
cystotomy, which should be done at the operatmg centre 

Wounds of the Jaws — ^Danger of suffocation is most commonly 
due to loss of control of the tongue In this condition posture 
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18 of Vital importance and the wounded m an should be placed 
on the stretcher in the prone position with the head ha nging 
downwards over the end of the atretcher It n essential to beep 
the tongue forward in these cases and many hves might m this 
way be saved by stretcher bearers and others Correct posture 
•win also tend to lessen haemorrhage by beeping the tongue m a 
forward position , bnt it may be necessary to ping wounds 
external to the month end to apply digital pressure 
By the courtesy of the President I had the opportunity 
of discussing the following pomts at a Committee composed 
of four members of the CouncH of the Royal College of 
Surgeons, 

The Thomas Spltnl — In the Army we rely on the large-ringed 
Thomas splint for the evacuation of the majonty of lower hmb 
fractnrQB from the front lino to the casnalty clearing station. 
The spUnt is appbed over the boot and olothmg and the nng is 
packed anteriorly and laterally with tow or wool to retain it 
against the tuber ischin The fracture is supported with Gooch 
splinting or Cramer s wire extension is obtained by means of a 
skewer through the waist of the boot or a clove-hitch round the 
ankle and tied to the distal eitremrty of the splint The splmt 
is suspended to a bar fitting over the stretcher Many modifies 
tions of the Thomas splmt have been suggested, such as coHspe- 
ible splmta, half nnged sphnte, etc It was agreed that for the 
evacuation of casualties m the early stages the ongmal Thomas 
model was the most satisfactory As one member of the Com 
mittee put it, a Thomas splmt altered is a Thomas splmt 
spoiled.” Cramer s wire eplmting would form a useful support 
for arm fractures and fractures of the foot and ankle, 

Skdfial Tradion for Fndxtres — ^It was agreed that mtemal 
traction by pins and wires was unsafe unless one was certain of 
first-class aseptic conditions — that is to say skeletal traction is 
completely ruled out m dressing stations und probably even m 
a casnalty clearing station from which patients are evacuated 
by ambulance tram it is safer to rely on skm traction. 

Plaster-of Pans — In the form of supporting slabs this would 
be of great use m casualty clearing stations. The encircling of 
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compound fractures "mth circular plaster bandages is dangerous 
m the early stages 

Blood Transfusion — That extensive use would he made of 
blood transfusions, and that stored blood m refrigerators could 
be used m the dressing stations and forward area That “ dnp 
transfusion ” would be of great value in the casualty clearing 
stations 

Advanced operating umts are not advised, as it is considered 
better to get the patients to the casualty cleanng station, where 
they could be operated on and remain for some days and he 
nursed under better conditions Patients do not stand evacuation 
well after serious operations 

Anaesthetics — It was agreed that gas-and-oxygen is the most 
suitable anaesthetic for the serious cases, and should be reserved 
for these This mvolves the use of heavy and cumbersome 
cyhnders, the supply of which might be difficult Por many 
cases ether may be used, and should be regarded as the standard 
anaesthetic The employment of the barbiturates for patients 
already in a condition of shock is definitely dangerous This also 
apphes to spmal anaesthesia 

DDnmZATIOX AGAECST TETAXUS 

With regard to tetanus, steps are now bemg taken to protect 
the Eegular Army by means of active immunization with tetanus 
toxoid. This is administered m two doses of 1 c cm , given at 
six-week intervals, and affords a degree of immunity which, so 
far as can be deduced from animal experiments, is more than 
sufficient to prevent infection Although definite mformation 
is not yet available it is beheved that the immunity produced m 
this way is of long duration As our knowledge of the subject is 
as yet somevhat mcomplete, this measure is bemg regarded as 
an additional hue of defence, and it is proposed to give immunized 
soldiers who have received potentially infected wounds a smgle 
dose of 3 000 units of tetanus antitoxm The necessity for this 
procedure may be m some cases rendered imperative by absence 
of mformation regarding prewous active immunization 



MEDICAL ORGANIZATION IN THE FIELD 

By colonel J H "WEDDELL, F R.OB 

The wouDded are collected from the firing hue by the regimental 
Btretcher bcarerB (non medical peiBormel trained m first-aid) 
tbe first field or sbeH dressing and possibly temporarj splint*, 
are applied , and the rrounded are earned or directed to the regi 
mental aid post, where the medical officer of the mut is located 
Regmaital Aid Poit — Here first aid la given urgent haemor 
rhage is controlled by direct pressure or fora pressure, and in 
cases of absolute necessity by a toumsqnet. Morpbme is adminia 
tered if necessary (the dose and tune bemg noted on the field 
card) The patient is kept warm with waterproof sheet and 
blankets and is evacnated as soon as conditions allow to the 
advanced dressing station by the stretcher bearers of the field 
ambulance 

T/ie FteJd Ambulanoc — This is the first medical unit to recave 
the wounded- The field ambulances move m the rear of the 
fitting troops and, when contact with the enemy is made one 
company estabhshes a post known as an advanced dressing station 
within reasonable distance of the regimental aid posts. 

Advanced Drannff Sfaiion — The sn^cail pcaaibilities here are 
very limited and consist m the control of haemorrhage the 
splmting and extension of fractures, if not already earned out, 
and measures for the prevention of shock. Dressings splmt* 
should be exammed and if saturfectory left alone morphine is 
administered if necessary and the dose and time entered on the 
field card The advanced dressing stataons are situated well 
forward so as to be m touch with the regimental aid posts to 
save the stretcher bearers carryin g for long 
necessity are often m the lono of fire In stationary warfare 
they are frequently m dug-outs. 
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A Walking Wounded Collecling Post — This may often be 
arranged ^vith advantage when heavy fighting is expected This 
should he close to the advanced dressing station and near a road 
leading to the casualty clearing station for evacuation 

Mam Dressing Station — This is the next medical post, which 
IS established by the headquarters of the field ambulance In 
France the mam dressmg stations were as a rule two to six miles 
hehmd the fightmg fine Here emergency operations can he 
earned out, such as hgation of hleedmg vessels, amputation of 
shattered or crushed extremities, and the closure of open sucking 
chest wounds A dental surgeon is also here to assist in the 
emergency treatment of maxiUo-facial mjuries More active 
measures for the prevention and treatment of shock are possible, 
and infusions or transfusions of blood may he given Here the 
routme mjections of anti-tetamc serum are given and noted on 
the field card 

In these days of mcreased mechanisation it may he possible 
to cut out one or even both of these dressmg stations Anythmg 
that wiU lessen the tune of evacuation and avoid unnecessary 
unloadmg and reloadmg of patients m ambulances and get them 
more qiuckly to the operatmg centre must be of great benefit 


THE CASUALTY CLEABING STATION 

The casualty clearmg station is the prmcipal surgical unit and 
operatmg centre in the forw^ard area These units form the 
connectmg hnks between the forward area and the hospitals 
on the hnes of commumcation They are equipped with operating 
theatre, a:-ray department, laboratory, etc , so that aU ma]or 
surgical operations may be earned out In France the C C S s 
were usually ten to fifteen mdes behind the firmg hne, beyond 
the range of severe shell-fire They should be on or near a railway 
hne, so that evacuation by ambulance tram can be earned out 
They are designed to take 200 patients normally, but can expand 
to receive very many more In the great war eight to ten operat- 
mg teams were often working simultaneously and continuously 
for several days 











PBETONTION AKD TREATMNT OF SHOCK 

By colonel E M COTOLL, D.S 0 , T D , E R C S 

The term “ shock ” should not be used unqualified In civihan 
surgery it should he preceded hj the word “ surgical ” or “ trau- 
matic ”, and m military or air-raid surgery the term “ wound- 
shock ” (1917) IS accurate and descriptive This termmology 
avoids confusing the condition with “ shell-shock ” or shock 
resultmg from a transient psychical disturbance 
Wound-shock is not a nervous phenomenon ; mdeed, the 
nervous system occupies only a small part of the picture The 
conception of wound-shock as being a condition ol failure of tiie 
circulation is all-important It may be defined as a condition of 
lowered vitahty of the body resultmg from injury or accident, 
which leads to failure of the circulation, with lowermg of the 
blood pressure, reduction of the body temperature, dimmution 
of the blood volume and concentration of the blood, mtra-cellular 
anoxaemia, and, m untreated cases, subsequent death An 
excellent discussion of the theones of traumatic shock may be 
found m Cannon’s book (1923 a) None of the theones, however, 
were very helpful in the matter of treatment, and vast numbers 
of wounded died from shock m the first years of the great war 

FLN'DlXGS OF SHOCK COMSIITTEE IN 1917 
Early in 1917 a Shock Committee was established in London, 
and the first memorandum on the subject was published Ex- 
perimental work was undertaken by Bayhss and others m this 
country, and clinical observations were made by Eraser, Hooper, 
and CoweU in France W B Cannon arrived from Harvard and 
took an important part in the investigations, working with 
Bayliss m London and Fraser in Bethune It was felt that much 
might be learned from studymg the actual conditions under 

14 
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■wlucli men wounded, and by m n V t T i g chmcal observationB 
nnmediatelv tbe T pan was hit and m the next few houra while he 
was being trani^KJTted to the casualty deanng stabon No S3 
Casualty Clearing Stabon was the receiving hospital where Fraser 
and Caimon worked m the operating theatre and laboratory 
respecbvely and Cowall made observabons in the trenches on 
Hill 70 following the casualbet to the regimental aid posts and 
advanced dressing stabon in liooa From this study it became 
clear that wxiund-ahock could be classified into two types 
primary which was rare and occurred only m wounds which 
were almost immediately fatal secondary — the common 

type — which was of slow onset and occurred m the presence of 
one or more of four definite factors. 

COU) 

Observabons were made m September 1917 on Hih 70 m 
front of Loos It was a cold moonlight night, with a chilly wind 
blowing A soldier e blood pressure had }utt been taken when 
a hand grenade was thrown over from a German post and 
wounded hnn m the foot and neck relatively tcmal wounds. 
The blood pressure which was 110 mm a short while pteviouaiy 
was at the same level nnmediately after the wound, A bearer 
party camwl him ahouldei high through shallow trenchea over 
the hill to the regimental aid post. He had no blankets and 
became steadily colder and colder "When he arrived at the regi 
mental aid post an hoar later he was pulaclesa. Two hours 
afterwards at the advanced dressing stabon, which he reached 
On a wheeled stretcher he was stfll pulseless, and a scnous view 
was taken of his condibon. He was burned off to Bfithune in an 
ambulance car and was found at the casualty clearing stabon 
to have a pressure of 80 mm, with no palpable pulse. Aftfr 
bong wanned up m bed and bang given hot dnnks the shock 
toon passed off m the absence of any heroic measures of treatment 

UcDowall (1923) quotes woiA by Dale and others which shows 
that histamine shock can be induced m certam catmvora only 
when the suptarenala are destroyed. He also states that Cramer 
and Crowden ha\'e shown that these glands are exhausted by 
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cold Holt and Macdonald (1931) also say that, m experimental 
shock, “ if no attempt was made to sustam the normal body 
temperature, shock was mamtamed much more readily ” 

PAIN 

In war wounds pam is always present, but it is dijBbcult to 
estimate this factor by itself An opportumty, however, arose 
of observmg the blood pressure m a case of renal cohc The 
pressure dropped from 130 to 60 and only rose after fifteen 
minutes, when the patient could no longer stand the pam and 
morphme was given A few mmutes later the pressure rose to 
its ongmal level Cnle has advised blocking the afferent nervous 
impulses m order to prevent shock This is not necessary pro- 
vided that pam is checked by the admmistration of morphme or 
a smtable general anaesthetic I performed a fore-quarter 
amputation m a feeble lady of 70 for sarcoma of the upper end 
of the humerus Gas-and-oxygen was administered and the 
pressure taken every five mmutes The brachial plexus was left 
mtact until every other structure had been divided, and no faU 
m blood pressure occurred 

HAEMORRHAGE 

There is a bleedmg to a variable extent m aU war wounds 
In air raids, where the wounds are generally severe and multiple, 
and when immediate first aid is difficult owmg to the large 
numbers of casualties that may occur at one spot, bleedmg is an 
important factor m the imtiation of shock The quantity of 
circulatmg flmd becomes diminished, leadmg to deficient mtra- 
ceUular oxygenation This weakens the heart’s action, so 
estabhshmg a vicious cycle Bodily flmd is also lessened by the 
profuse sweatmg which accompames shock In the case of the 
fightmg soldier an anhydraenua may exist before he is wounded 
and be an important pre-wound factor in the production of 
shock 

TOXAESHA 

Early one mormng I met a stretcher party carrymg a strong 
burly lance-corporal who had just had his left leg bloivn off by 
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a trench mortar Effiaent first aid had been applied, and I saw 
Vttp attended to by the regimental M.0^ "who readjusted the 
dressing on a stretcher heated by a prnnus stove placed under 
neath The man was quite fit the blood pressure was 116 mrm, 
and the pulse rate 96 I accompanied him on hia two-hour cany 
to the ADE in Loos and found on arrival there that the blood 
pressure was mamtamed but the pulse rate had crept up to 120 
He was not m pam, was qmte warm, and there was no bleedmg 
At the casualty cWnng station two hours later the presBuie had 
fafipiTi and secondary shock was present. Early gas gangrene 
was found , the stump was reamputated and he recovered. This 
case I regarded at the tone as an example of bacterial toxaemia 
Another case was seen where the arm was amputated for a 
shattered humerus soon after the receipt of the injury Four 
hours later I saw the mAn on his way down the line and found 
hnn Burpusmgly fit, with a blood pressure of HO and a pulse 
rate of 90 Here all traumatized totssuo had been removed and 
the toco &ctar elimmated. 

Much expenmental work has been done on the absorption of 
toxins produced by trauma of the tissoes Bayliss and Cannon 
showed in 1918 that shock followed severe traomatication of 
the animal s leg with nerves out but blood vessels mtact, and 
concluded that this shock resulted from toxic absorption. Holt 
and Macdonald m 19S4 repeated these expemnents with negative 
results M, L Smith (1927-8) claims that direct methods have 
failed to demonstrate a depressor subotance m the blood of a 
shocked animal McDowaH (1923) admits that i-n-nn or 
chemical shock exists, and refers to the weD known feet that 
shock may occur acutely when a tourniquet is removed from 
a severely damaged limb and the products of damaged tissue 
are allowed to enter the circulation This author also agrees 
that this shock is enhanced by cold and by clipTniwiI poisons 
such as ether and chlarofotm. From the experimental point 
of view toxaemia is not yet accepted as a causal fector of 
shock, Chmcally however there appears to be no doubt m the 
matter 
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PATHOLOGICAL FINDINGS IN WOUND SHOCK 

TXeduced Blood Volume — Some of tlie most important observa- 
tions in wound shock were made by Keith (] 91 9) This observer 
measured the blood volume m a series of cases and found it 
reduced to 52-85 per cent of the normal , at the same time 
there was a plasma reduction ranging from 62-90 per cent He 
described three groups 

1 Compensated cases, wth slight symptoms , pulse 90-110 
and blood pressure above 110 mm. The blood volume never 
falls below 80 per cent of the normal, and the plasma is not 
reduced in proportion 

2 Partially Compensated Cases — There is a history of a 
small haemorrhage the patient is restless, cold, and thirsty, and 
he vomits , pulse rate 120-140, blood pressure 70-80, and blood 
volume 65-75 per cent , with slow dilution of the plasma, 70-80 
per cent reduction only 

3 Uncompensated Cases — Condition very serious, with ex- 
treme restlessness, thirst, and vomiting The extremities are 
cold and the pulse impalpable The blood pressure may be as 
low as 60 mm , and the heart rate 120-160 The blood volume is 
below 65 per cent and the plasma volume correspondingly 
reduced 

Cannon (1923 h) concludes his chapter on blood volume “ The 
dictum uttered by the older generation of surgeons, that ‘ shock 
IS haemorrhage and haemorrhage is shock ’, is true ” 

Where xs live Lost Blood^ — A certain amount of loss may be 
accounted for by bleeding However, shock may occur without 
haemorrhage, and in these cases there is evidence to show that 
the lost blood accumulates in the capillanes Simultaneous red 
corpuscle counts of blood from the veins and capillaries show a 
greatly mcreased count m the latter 

Transudalion of Bhisma — Blalock (1930) found that trauma 
m the thigh of an animal results m extravasation of serum into 
the loose tissues of the groin and flank On weighing both lower 
limbs after careful amputation he found the di/ference in weights 
amounted to at least 4 per cent of the body weight, or about half 
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of the totfti calcxikttd Wood (blood being one-thutcenth of tte 
body weight) 

fncrc<uc<i Ft#con/i^ of Blood — Cannoti points out that the 
viscosity of the blood is complex consisting of (a) tho internal 
fnebon of the plasma, (6) the friction of tho corpuscles with the 
plasma and with each other and (c) the frictional contacta of 
the corpuscles with the vessel walls especially in the capillanes. 
Trevan (1918) states that mtemnl fnction rapidly uses os soon 
as the corpuscles reach a concentration of GO per cent , they 
have a tendency to stagnate especially when the artenal ptessnte 
18 decreased- This stagnation m oddition to haemorrhage and 
loss of plasma would forthor augment the amount of blood 
which IS out of currency and consequently conduce to faHuro 
of the circulation. 

EffKU cf Reduced Blood Veiume and Blood Pressure — Vaso- 
constriction occurs m certain organs rcsemug the diminished 
blood volume for essscntial organs (Cannon) As the blood volume 
contmucss to dmumsh tho pressore falls and oil parts of the body 
begin to sufCct from disturbance* of the circulation From his 
study of the subject of cerebral anoxaemia Cannon conclude* 

It IS probable that, as the result of reduced blood \olaiiiQ and 
lowered blood pressure the transportation of oxygen is greatly 
decreased m amount Many observotions on tho reduction of 
the alhah reaen-e, basal metabolism and changes m blood and 
unne are described in Cannon s book, but will not be discussed 
here. With regard to the importance of the time factor in tho 
development of shock tho gcodually damaging effect of persistent 
low presnre is of the greatest consequence in both understanding 
and treating shock When tho vasomotor centre has lost its 
capaaty to maintain vascular tone there is no known remedial 
agent that will bring back the blood flow to its normal condition 
Even blood transfusion leads to no permanent gain* At this 
stage the da m a g e due to insuffiacnt oxygen is too great to permit 
of resusatataon From the practical point of view n pressure of 
80 mnu or lower if not raised within four hour*, will have a 
fatal result 
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PRE\^KTION OF WOUND SHOCK 

The Clinical Picture — ^The mam symptoms are well known In 
lookmg round a resuscitation ward filled witli wounded awaitmg 
anti-shock treatment, the most stnkmg features are the cyanosis 
of lips and finger-tips, the coldness of the extremities, and the 
restlessness Sweatmg and vomitmg are seen m the earher stages 

When the causal factors of this condition became clear, and 
with the recognition that secondary wound shock was the com- 
moner variety, the conception of the idea of prevention occurred 
This gave great encouragement to the war-iveary regimental 
medical ofi&cer, and a new campaign to combat shock was begun 
with enthusiasm All concerned in the early treatment of 
wounded, both medical officers and other ranks, were taught the 
four causal factors Every endeavour was made to get the 
casualty to hospital before shock could develop Cold was pre- 
vented by supplymg hot-water bottles, hot bncks, and hot 
dnnks Stretcher parties were encouraged to carry a blanket- 
packet m forward areas This consists of a blanket folded m a 
waterproof sheet to the same size as a stretcher piUow, and is 
earned in the same way m a closed stretcher {Ji A M.G Training 
Manual, 1935) In the regimental aid post the man was given 
three blankets, folded m such a way that there were four thick- 
nesses behind him as well as in front. Also before bemg sent on he 
was thoroughly warmed by a stove under his stretcher and by 
a dnnk of hot sweet tea The ambulance cars were warmed as 
well, and cases were actually observed in which wound shock dis- 
appeared on the journey, entirely owmg to the warmmg measures 
adopted 

Pam should be prevented by efficient first aid, careful handling, 
and adequate splmtmg of mjured limbs If these measures are 
carried out properly morphine •will not be necessary BleMing 
is treated by effic-ient first aid, the judicious use of the toumiguet, 
and possibly by simple surgical mten^ention at a forward dressmg 
station Toxaemia may he minimized by efficient immobilization 
of a damaged lunb, but is chiefly combated by rapid evacuation 

The front-hne application of the Thomas spimt for wounds 
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of the lOTTcr hmb affords an fllnstiation of lie nse of the above- 
mentioned methodfl of preventing shock, 

TRSATMENT OV BBTABXJBHED -WOTraD SHOOK 
Treatment depends on a recogmtaon of the font factors and a 
knoTfledge of the pathology of the condition "When large nnin 
beiB of wn nrwl ed are being received, and if the military otnation 
parmita, definite resuscitation wards are organued for the treat- 
ment of wound shock both at the mam dres si ng station and at 
the casualty rWrmg station Cnrefnl judgment and close 
watching wiD. determine the ri gh t moment for smgical mterven 
tion, when the catM of the condition will be dealt with and 
removed. To operate m shock u dangerons bnt m certam 
cases and with adequate precantions surgical mtervention must 
be naked to aave the patient s hfo For aamplt, after a massive 
blood tzansfoxion and with gas and-oxygen anaesthesia it is 
justifiable to perform an ampntabon, open an abdomen, or close 
an open pnenmothoisx 

In the resuscitation ward the patients are warmed bv hot- 
water bottle* electnc cradles hot-air cradle*, or stoves under 
stretchers on trestles. Morphine is given for pain m repeated 
small doses if necessary The defiaenoy of mrcnlatuig fluid 
(anhydracmia) is made up by gmng hot dnnks saline by rectum, 
and, in eevere cases, intravenons mjeebons of bypertomo ^nco&e 
sahne with msuhn gum or blood. In Spam where blood trans- 
fusion was highly oiganiied, it was found that 10 per cent, of 
wounded required blood, and m the resuscatation wards, where 
blood was given to all moribund cases and to those considered 
hopeleas some 20 per cent. recoTered sufficiently to stand 
operations 
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BLOOD TBANSFUSIOISr 

By JAlifET M VAUGHAL^ D K, B R C P. 

I PROPOSE to discuss the proWem of Mood transfusion particularly 
from the point of view of a war-tune emergency service, though 
much of what I have to say is also apphcahle to a transfusion 
service m times of peace 

SOURCES OF BLOOD FOR STORAGE 
Blood for purposes of transfusion may he freshly removed from 
a livmg donor and immediately given to the patient, or Mood that 
has been stored may he used It is obvious that under war con- 
ditions fresh blood cannot be given as a routme. The disorganisa- 
tion of means of commumcation caused by aenal bombardment 
makes it impossible to caU upon donors at those tunes when blood 
is most needed Medical and surgical personnel will be reqmred 
to attend to patients during severe an: raids or at penods of 
active fighting They must administer blood and not spend 
time withdrawmg blood Donors obviously cannot be sent up 
to the front-hne dressmg stations It will be absolutely essential, 
therefore, to have adequate supplies of stored blood 
Recognized sources of blood for storage are the placenta, the 
cadaver, and adult donors Even m ideal circumstances the 
yield of blood from the placenta is small, on an average 80 c cm 
Though certam workers advocate its use, at least m tunes of 
peace, opimon on the whole suggests that the labour mvolved 
in its collection is not repaid by the small amounts of blood 
which result (GoodaU ef al , 1938 , Howkins and Brewer, 
1939 , Page el al , 1939 , Halbrecht, 1939) Cadaver blood has 
not been used m this country In Russia it is claimed to be 
satisfactory (Tudm, 1937) On theoretical grounds, m time of 
war it should prove an excellent source, smce m persons dying a 
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sudden death spontaneouB fibnnoljw occurs, and it is not 
therefore necessary to use an anticoognlant In practice, how 
ever, the collection of Wood &om war cadavers has, according 
to Saxton (1939) and Duran {1®^^) proved unsatisfactory 

Stored Wood from odtdt donors hai however been an almost 
universal su c c ess . Beccnt experience in this country confirms 
the work of Russian (Filatov, 1937 , Bagdassarov, 1937) and 
Spanish workers (Duran 1939) on this pomt (Elbott llacfarlane 
and Vaughan, 1939 , Boland, Crmg and Jacobs, 1939) Biddle 
(1939) h^ for the Ust year used nothing but stored blood at 
the Ipswich Hospital Ho claims that m giving 100 transfusions 
he has had fewer reactions than during the period when ho used 
fresh blood He had slight reactions m about C per cent, of his 
cases Eipenpnce in the department of pathology of the British 
Postgradoate Medical School bos been timflar In receiving 
fifty consecutive transfusions with stored blood four patients 
had a slight nse of temperature and four bad mild ngora. Saxton 
(1939) has reported a higher reaction rat© m Spoin, but it 
appears probable that compbcating factors may hare been 
pwaent. 

Such figures as ore arailablo suggest that tho ns© in red cells 
and haemoglobin following tho use of stored Wood is aa satis- 
factory as that achieved by fresh blood whflo improvement in 
the clinical condition of tho patient is equally good provided 
that certain entena of satisfactory preservation to be discussed 
later, are adhered to (Ettiott Macfarlone, and Vaughan 1039) 


BLOOD TEAKSTDSION DCffTTEXTrES 
Expenence both m Russia and m Spam has shown that the 
best results ore obtained if blood is withdrawn stored and 
distributed from special centres eqmpped for the purpose It 
IS obvious that the existence of such centres does not prohibit 
small and isolated units from airanguig for their own supphos 
m tunes of emergency It is however, eamet to ensure adequate 
sterility of apparatus and methods of collection when tramed 
personnel work m smtably equipped institutes. 
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DONOES 

It proved possible in Spam, m spite of war-time conditions, 
to organize a service of donors wbo came up to give blood at 
regular mtervals Blood was withdrawn, apparently without ill 
effects, as often as once every three weeks m many cases On 
tbeoretieal grounds it would be wise to have a longer mterval — 
if possible at least three months, as is advised at present by the 
Red Cross Voluntary organization Such a penod will, however, 
clearly prove impossible m time of war About 500 to 600 c cm. 
of blood IS a reasonable amount to take from each donor It 
has been suggested that it is wiser to take blood from a donor 
who has had no food for several bours. We kept a careful note 
of the tune and character of the last meal m all donors of blood 
for storage, and could not detect any relation between reactions 
and the recently fed donor 

In Barcelona, Duran (1939) stored blood from Group IV Moss 
(0 international) donors only, since under war conditions ade- 
quate groupmg at the front proved impossible In our limited 
experience here in peace time we found that it was wise to keep 
blood of all groups This policy resulted in no wastage If 
donors are to be bled as often as once a month they should be 
given large doses of iron, and if possible extra rations, under 
war-time conditions, at the time of withdrawal 

AFPABATUS 

Various types of apparatus have been used for the withdrawal, 
storage, and admmistration of blood Ro one method is at the 
moment completely satisfactory On theoretical grounds the 
ideal technique for war time should fulfil the following con- 
ditions 

1 The whole apparatus must be autoclaved in one piece 
ready for use without further mampulation if stenbty is to be 
secured 

2 Blood must be collected ivjthout exposure to air for the 
same reason 

3 All glass-ware must be strong 
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4 The container Bhould be completely filled to reduce move- 
ment of blood to a minnnum Even alight ah a lnng of blood 
after atorage for longer than twenty four hours is found to 
mcreaae haemolyBia so that any technique that reduces agitation 
to a nrnimTim la to be advocated* 

6 No glaas tubing should be left in contact with the blood 
after collection as it is found to favour clot formatioiL 
6 The techmque of both coUeotion and adnunistration should 
be as simple as possible 

The method described by Doran (1939) fulfils the first four 
of the above conditions* The speaal storage vessels required, 
however even if somewhat simplified are not easy to obtam on 
a large scale Further the method of collection and closmg of 
the storage vessels appears too comphcated for emergency con 
ditiona where extremely large quanbtiea of blood may be needed* 
The technique dcsciibei by Elhott and otheis (1939) fulfils the 
first five conditions* The veesel is however completely filled 
and m order to give blood by a pressure method a two-way tap 
and syrmge is requirwL This can well bo manipulated by a 
single individaal, hut it might be thought that it makes the 
apparatus too complicated for emergency use where skilled 
personnel will not necessarily be available 
Some modification of Boland, Craig and Jacobs s (1939) 
method, uBmg a different type of filter will probably prove the 
most satisfactory tec hni que available should emergency im 
mediately anse Both collection and admunstTation are easv 
and no complicated apparatus is required The vessel is not, 
however completely filled with blood, and if shaken m transit 
haemolyaifl is likely to occur The nak is lessened if blood is 
transported immediately after collection, smce red-cell fragility 
18 not greatly mcreased m the first t w e nty four hours of storage 
If pressure is needed it can be obtamed by means of a Higginson 
syringe In givmg blood to patients suffering from severe shock 
or haemorrhage whose vema ore likely to be cofiapsed, some 
form of preasure is a great advantage. In many cases it saves 
the necessity of cuttmg down on the vein and inserting a can 
nula. 
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3IETHOD OF COLLECTION 

In cxiUectmg blood for storage it is essential to adopt a strictly 
aseptic technique We fonnd three instances of contamination 
■with SUi'phyhcocciUi aureus in our iirst twenty samples of blood 
'withdra'wn •with reasonable precaution After tbat^ more rigid 
rules -irere laid doivn regardmg asepsis, and no further contamina- 
tion occurred- The operator wore a mask and scrubbed up as 
he would in the theatre. The sldn over the antecubital fossa 
of the donor was cleansed ■with soap and water and then ■with 
alcohol The whole apparatus, mcluding the needle and preser- 
vative required for collection, was autoclaved together, so that 
it was not handled in any way, and it was so arranged that the 
blood was never exposed to the air 

Blood that flows freely into the preservmg fluid keeps in more 
satisfactory condition than blood that flows slowly. It is there- 
fore important to place the donor in a comfortable position "with 
his arm near the edge of the arm rest, so that no kinking of 
rubber tubing can occur. If care was taken over the comfort 
and position of the donor it was found that 500 c cm of blood 
could be easily collected m from four to seven mmutes Before 
cleaning the donor’s skin we placed an ordinary blood-pressure 
cuff round the upper arm and maintained a steady pressure of 
80 mm Hg Boland and others (1939) have described the collec- 
tion of blood in a flask containing a partial vacuum Other 
workers have advocated the use of a Higginson synnge to mam- 
tain a negative pressure in the collecting vessel Before •\vith- 
drawing the needle from the vein, and after disconnecting it 
from the collecting flask, a few drops of blood should be taken 
mto a tube containing 1 per cent sodium citrate in normal 
gahne for purposes of grouping, and into a second tube for a 
Wassermann test For convemence these tv/o small tubes may 
be slipped under a rubber band attached to the collectmg vessel 
before it is autoclaved. 

FliEBERVATI^’XS 

Four preservatives have been used (i) sodium citrate in 
varying concentration , (n) physiological citrate ; (m) glucose 
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atrate ODd (iv) a mixed Bolt solahon known as IJH.T (see 
table) We at first added 10 o-cm. of 3 8 per cent sodimn atrate 
to every 90 aerm of blood giving a concentration of 0-38 per 
cent, sodimn atrate approximately similar to that used by 
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8«ton (1937) Bagdassarov has used a higher concentration — 
0-54 per cent. Repeated reference is made m the btemture to 
the nse of physiological atrate solntioD thongh I have been 
able to trace few figmes for the exact compoahon of the solution. 
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Page, Seager, and Ward (1939) used 1 per cent of sodium citrate 
in 80 c cm of normal salme to wlncli was added 80 c cm of 
blood Harrmgton and Miles (1939) bave recently recommended 
the use of 1 05 per cent sodium citrate m 0 85 sodium cblonde , 
one volume of this solution bemg added to two volumes of blood 
Glucose citrate is also mentioned, and the foUowmg formula is 
given by Domamg (1937) sodium citrate, 1 gramme , glucose, 
2 grammes , sodium chlorate, 0 2 gramme , water, 100 c cm 
This is mixed with blood m equal quantities Duran is reported 
by Ellis (1937-8) to use a final strength of 0 36 per cent sodium 
citrate and 0 09 per cent glucose (see table) The majority of 
workers have employed a simple citrate solution We found that 
however carefully blood was mixed with the citrate solution 
clots always tended to form, which, though they were easily 
removed by filtration, made the administration of the blood 
rather more comphcated than was necessary After twenty 
transfusions had been given with citrated blood we therefore 
used the anticoagulant first devised by the Institute of Haema- 
tology and Blood Transfusion at Moscow, commonly known as 
I H T (Bagdassarov, 1937) The formula is sodium chlonde, 
7 grammes , sodium citrate, 5 grammes , potassium chlonde, 
0 2 gramme , magnesium sulphate, 0 Of gramme , distdled 
water, up to 1,000 c cm It is mixed volume for volume with 
blood. Why this particular proportion of salts was chosen I have 
been unable to discover Results with its use proved satisfactory, 
and no further trouble with clot formation was expenenced All 
observers agree that considerable dilution of blood for storage 
IS an advantage , haemolysis occms less readily, and, smce 
stored blood anyhow tends to be sticky, dilution facihtates 
administration As much as 2,600 c cm of mixed blood and 
I H T has been given to a patient with no fil effects 

GBOUPmo 

This is not the place for a discussion of the technique of blood - 
group detenmnations It is necessary, however, to emphasize 
that accurate deter min ation of blood groups is essential to the 
success of any transfusion service Severe reactions are almost 
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invftimbly due to the admimstration of inoompatible blood- 
Sucb a mistake usually xusulta from tU© use of "weak test sera. 
ATI serum should have a Tnimmnm titre of 1 m 120 at least if it 
IS to be kept for any length of tune and preferably higher It 
IS not always easy to find mdividunls with such a high tatre 
One of the most important tasks of any large tranafamon service 
should b© to guarante© a supply of such fterum. 

No eeruiD, however good, should be kept for more than six 
months. It should not be stored m small capillary tubes for 
longer than a few weeks. Serum is best kept m bulk fifozen 
solid. A uTTmll supply should be put up m capillary tubes or 
1 ©.cm. ampoules, for immediate use It la probable that many 
of the severe reactions following the use of stored blood m 8pam 
Were due to wrong grouping dependent upon unsatisflaotory 
supphes of test sera rather than to any inherent fault m stored 
blo^ If possible cross matching between recipients serum 
and stored corpuscles should be earned out, but m tunes of 
emergency this may be a counsel of perfection. 

ffTOaAOE TEirPEEATURE AlTD DURATION 

TTe employed a temperature of 4*C for storage of blood, 
Satarfactory results have been reported with storage at a tern 
perature as low as 1® C and as high as 7® C (Bagdaasarov, 
1937 Boland et al 1939) Haemolysis occurs if blood is 
froien. 

All observers agree that blood begins to detenorot© after the 
fifteenth day of storage, though it can be given without ill effects 
after storage for thirty four days. We purposely kept some 
samples of blood so as to test the results of its admmistratioii, 
and found that even when it was thirty three days old the patient 
seemed none the worse for its administration. That a^r the 
fifteenth day less satisfactory results are obtained is probably 
dependent upon the fact that the red cells become mcreaamgly 
feagile about this tame and hacmolysiB mcreasea rapidly The 
tendency to haemolysis becomes evident m atrated blood rather 
earlier than it doe* m blood preserved m I.H.T Elaborate 
studies of the effect of itornge both upon red-cell characters and 
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the "bio chemical composition, have been made by Eussian 
workers and are snmmarked by Filatov (1937) The sugar con- 
tent decreases from the second day of storage, while the lactic 
acid content mcreases, together with the morgamc phosphorus 
Haemoglobin becomes more stable The alb umin and globuhn 
contents are constant for at least fourteen days The reaction 
becomes mcreasmgly acid Complement is completely destroyed 
in jSfteen days, and after seven days is reduced to 50 per cent 
The red cells remain unaltered for fifteen days , after that tune 
they begin to show great variation m size and shape, and there 
is a rapid increase m cell fragility with mcreasmg haemolysis 
The reticulum is lost after five days, presumably owing to npen- 
ing of the young red cells There is a gradual decrease m agglutm- 
abrbty. The sedimentation rate is gradually slowed The 
platelets are said to have completely disappeared by the fifteenth 
day, changes beginning on the first day of storage There is 
considerable divergence of opimon about the effect of storage 
upon white cells Filatov (1937) beheves that degeneration 
begins between the third and fifth days Irger (quoted by Filatov, 
1937) goes so far as to maintam that 57 per cent of the white 
cells are intact on the twenty-fifth day. In practice it is foimd 
that if the plasma immediately above the sedimented red cells 
is amber rather than red m colour no ezcessive haemolysis has 
occurred and the blood is suitable for use 

STEEILirY 

The literature contains few precise statements concermng the 
stenhty of blood withdrawn for storage In our own senes of 
fifty samples blood was withdrawn by means of a capillary 
pipette from the mam lot, for purposes of culture, the day after 
collection Four tubes contammg heart broth were moculated, 
two with 2 c cm. and two with 1 c cm , one from each set bemg 
mcubated aerobically at .37° C and the other two anaerobically 
Cultures were plated out daily for fourteen days Three cases 
of contamination with Staphylococcus aureus occurred m the 
first twenty of the fifty samples collected The rema inin g 
thirty were sterile It is possible that this high rate of contanu- 
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nataon was m part due to technical factor* -which oa already 
diBcussed -were later eliimnatcd The contammant usually grew 
m about half the tubes and did not develop until the sixth day 
of culture Dr T C Stomp to whom wc arc mdebted for 
arranging for these testa, believes that cultures should be kept 
under observation for at least one week before reporting a nega 
tive, Aratyunjan (quoted by Filatov, 10S7) reports 8 per cent, 
of contaminations m a senes of sixty five samples , Shonna 3 9 
per cent, of inf eebona (quoted by Filatov 1937) Saxton reported 
a much higher rate of contamination m Spam. It is likely that 
under the stress of war time conditions stcrilixation of apparatus 
■was fer from satisfactory Any handUng. of the collecting ap- 
paratns, such as putting on a needle stenlircd by boiling rather 
than using one attached to the robber tubmg before autoclaving, 
we found mcreased the contamination rate Unless contamina 
bon was gross wo were unable on naked-eye exammabon, to 
detect any difference between stenie and infected blood Biddle 
who tested a few only of his IdO lots of blood found them all 
sterile Boland H al (1939) out of forty samples of blood 
cultured, found two to bo contaminated with Sfaphjioeoceui 
aJhut 

Availtble evidence suggests that if the blood is withdrawn 
with a careful asopbo technique the nsk of contaminabon is 
slight. In bmes of peace culture should be a routine Under 
emergency condihons it would be impossible to employ th»i 
addibonal safeguard Duran (1939) m his latest apparatus, 
stores the blood m contact with oxygen Anaerobes obviously 
cannot grow m these circumstances, while aerobes, if present 
consume the oxygen so that the blood which should be bngbt 
red, becomes dark m colour In this way in his opinion contami 
nabon is readily detected without the necessity for o-olture It 
has recently been suggested (Hamngton and Miles 1939) that 
a definite amount of snlpbanilainide should be added to 
stored blood. Until more careful studies have been made of 
the effect of drugs of this group upon serum this would appear 
unwise (Dameshek and Colme* 1938 Scott and MeerapfeL 
1939) ^ 
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preserved rod cellft. Dnran (1939) pooled all blood taken from 
Group rV donoru nn(l sent out mixed lots for thcrapeutio use 
He found tbm method satuflactory and it obviated all need for 
cross matching 

TRllISPORT 

If the beat results are to be obtnmed with stored blood it is 
essential that it should be kept at a low temperature until im 
mediately before use Blood that has once been warmed even 
for a short tune tends to detenorate more rapidly than blood 
kept at a steady low temperature Spetaal refrigerator vans were 
used successfully m Spam for the transport of stored blood up 
to front Ime hospitals. In designing such transport vans it is 
important to remember that stored blood should not be shaken 
more than is absolutely necessary Transport vehicles should 
therefore be fitted to csxry cootameni m a steady upngbt position 
For the transport of small amounts of blood m tune* of peace 
the metal water bath and cork Imed box used for keepmg the 
blood warm during administration may equally well be used for 
keeping tt cold 

D^MCIATtO^'8 rOB TRAWSFUBIOV OF BLOOP 

The relative merits of gum sahne glucose saline and blood 
transfusion are always a subject of debate The chief value of 
transfusion is its immediate effect in increasing blood volume 
plasma proteins, haemoglobm concentration, blood platelets, 
and other factors concerned m blood coagulation In some 
instances it may act as a stimulus to blood legenerataon (V augh^n 
1936) In tune of war transfusion is required pnnmrily for 
patients who have had recent severe blood loss. The indications 
for transfusion m such cases must bo largely clmirnl, gmee owmg 
to the concentration of blood that occua the red-ceH count and 
haemoglobm estnnation may be normal or even polvcythfiemio 
Restlessness poDor dyspnoea, a systobo blood pressure of 70 
mm Hg or less, and a rising pulse rate are mdicataons that blood 
transfusions axe needed. Tranafoaiona of fresh blood are also of 
defimte value m patients with prolonged sepsis and anB#irma 
due, for instance to a gunshot wound that foils to heal Expen 
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ence m Spam suggests that possibly stored blood is not so effective 
m such cases, but carefully controlled observations on this pomt 
are stdl lackmg 

Expenence has shown that stored blood is hfe-savmg both m 
time of war (Saxton, 1937) and m time of peace (Elhott et al , 
1939) It is clear, however, that much stiff remams to be learnt 
about the most satisfactory methods of preservation, about the 
changes that occur durmg storage, and about its value m condi- 
tions other than sudden haemorrhage 

I must express my gratitude to Dr Duran Jorda for the infor- 
mation he has given me about his expenence with stored blood 
m the Spanish war 
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TETAKU3 AND GAS GANGRENE 

Bt CLAODB ERANKAU CJ&E DSO 1L8 FRG8 

It IB obyioua that any wound piodocad by a missile whatever 
its natore, will be potentiaDy an infected womwi. Bnnplft per 
forating wounds of an exposed porbon of the body, not mvolving 
the cjarrymg in of infected clothing, may heal by first intention, 
hut BOoh an outcome lA rare Wonads m which the projectile 
la retained and m which fmgmente of clothing, etc ate embedded 
are of necessity infected, the degree of infection depending on 
the extent of mjuiy to soft parta and bone and the condition of 
the dothing and ghn of the pabeat A wound sustained by a 
soldier dressed m mud*stained uniform m the well manured 
fields of Flanders inevitably became heavily mfected unless 
treated energetically within a short tune of wounding 

The bacteria which may be found m wounds are of many types, 
and may be divided into two gronpa. Group 1 consists of the 
following organisms, any or all of which may be present at the 
tune of wounding anaerobic spore-fonning bacilh — for example 
B ♦rrfcAii B sporqyeno and B idanx pyogenic cocci— for 
example staphylococci streptococci (haemolytic and non 
haemolytio) and o^^anisms of the B colx group At a later 
date Group 2 consisting of staphylococci nnri streptococci pro- 
dominates, and may be the cause of septacaemia , m addibon 
such organisms as B jiyocyaneut may be found as a secondary 
infection. 

The spore-beaiing anaerobes produce two conditaons which 
are of extreme gravity and require speoal treatment — nsmel y 
gas gangrene and tetanus — conditions which will be dealt with 
m detail later The pyogemc coca and orgamams of the col* 
group etc, are more amenable to simple treatment have mainly 
a local effect, although they may bo the cause of a septacaemia, 
S6 
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and, witli one exception, require no special measures apart from 
the routme treatment for all wounds The exception is the 
haemolytic streptococcus, which m the great war was the cause 
of septicaemia m innumerable cases and was then found difficult 
if not impossible to combat At the present time the mtroduc- 
tion of the sulphonamide group of drugs has entirely altered the 
picture, and it seems probable that the use of sulphonamide as 
a prophylactic, as is the case already in civil compound fractures, 
etc , and for treatment when mfection is established, will be of 
extreme value provided the drug is employed with care 


TETANTUS 

The mcidence of tetanus fell to such a very low figure m the 
great war after it had been decided that anti-tetamc serum 
should be given to every wounded man, however tnvial the wound, 
that it 16 clear that the disease is largely preventable Infection 
IS by means of spore-bearmg anaerobic organisms which, if able 
to develop m a suitable environment, produce a toxm which 
eventually mvades the central nervous system via the motor 
nerves The orgamsm may be present m a wound without pro- 
ducmg the disease Any type of wound, even the most tnvial 
graze, if mfected, may be the cause of tetanus , but punctured 
wounds, and wounds m which other organisms, which use up 
oxygen, are present, are particularly favourable to the develop- 
ment of the disease 


PREVENTION 

Expenence m the treatment of ivounds shows, first, that the 
more carefully the wound is treated in the early stages the less 
the liability to infection by B iekim , and, secondly, that the 
use of anti-tetamc serum m smtable doses is of mdisputable 
value 

Dosage of Anhioann — The customary prophylactic dose for 
the majonty of wounds is 500 USA- units — a larger dose of 1,000 
to ] ,500 units bemg given m the case of severe wounds or when 
a wounded man has not been withm reach of assistance for a 
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considerable time after bang wounded- A larger initial dose 
was advocated towarda tbe end of tbe war and it seems probable 
that a first doee of 1 000 UJB-A units m all cases would bo pre- 
ferable to tbe smaller standard do*o of BOO units Tetanus spores 
ore very resistant and may bo dormant m wounds for long 
periods , hence it is essential to repeat the mjeebon of serum 
weekly for four weeks, and m addition a dose ahould bo given 
subse^ently if any further opembon is to bo performed mvolving 
the ongmal wound area. This dose ahould be given aghtcen to 
twenty four hours before the tune of operabon The danger of 
anaphylaxis is very urnnll and wiD bo still loss now that tho 
anbtoim is concentrated in a smallet bulk of semni. 

INOUIUTIOV PERlOn 

Tho meubaUon penod in cases which have not been given a 
prophylacbc dose of eenim shows considerable vannbou , onset 
of symptoms within twelve boon has been recorded and tho 
first symptoms of the discnso may be delayed for as long os 
twenty-dght days Taking on average it appean that m cases 
untreated by semra the onset of svmptoms usuolly occurs m 
from seven to ten days. In cases treated by serum the onset is 
always delayed, its overage tune of appearance bemg appron 
mstdy fourteen days The seventy of the symptoms vanes 
directly with the date of onset if symptoms begm within seven 
days of the mjuiy a fatal result is almost inevitable the mor 
tabty dumnishes with the delay m onset 

SYUPTOMB 

I do not mtend to describe folly the symptoms of a developed 
case of tetanus these will be known to anyone who has seen such 

a case and they are adequately depicted m all textbooks- Certam 

of tie early and premonitory symptoms require menboru 

One of the eaibert signs is anxiety The patient looks womed, 
hifl face 18 pmched the pulse is quick, the tongue tremulous and 
there is obvious detenorabon of his general condibon. The 
next phase is slight spasm of the faoal and mastacatoiy musclea 
sight fb&em of the neck, and at tunes some spasm of the 
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vesical sphincter With this there is often dijQiculty in swallowing 
fluids as well as solids Finally, weU-marked tnsmus and nsus 
sardonicus appear, with subsequently aU the well-known general- 
ized spasms of fully developed tetanus 

In some cases, especially those vdth a delayed mcubation 
period, the condition known as local tetanus may be observed 
In this condition there is localized stiffness and spasm of muscles 
in the neighbourhood of the wound Generalized spasms may 
follow, but in a considerable number of these cases generalization 
of symptoms does not occur provided additional serum treatment 
m large doses is instituted at once Another type of infection is 
cephalic tetanus, the cranial nerves being affected as a result of 
a wound of the face or head Facial palsy with spasm of the 
facial muscles is the principal feature ; generalization of the 
disease is uncommon, and recovery is the rule 

TBEATMEKT 

Immediate isolation of the patient m a qmet room that can 
be darkened is essential Any sudden auditory or visual stimulus 
may invoke a spasm Doubts have been cast on the efficiency 
of serum once the disease has started, but my own feelmg is that 
in large doses given subcutaneously, mtramuscularly, mtra- 
venously, and mtrathecally serum is definitely beneficial by its 
action m neutralizing further toxins hberatcd from the infected 
area Very large doses should be given in the follovang way 
On the first day, (1) mtrathecally , (2) intramuscularly , (3) sub- 
cutaneously ; (4) intravenously — 15,000 US A units by each 
route This dosage should be repeated daily — with the exception 
of the intravenous dose, which it is safer to omit— until symptoms 
begin to abate The dose may then be reduced, but treatment 
by the subcutaneous and intramuscular methods should contmue 
until aU stiffness has disappeared The injection is comparatively 
small m bulk, there now bemg J,j00 USA units approximately 
m 1 c cm of serum m the concentrated preparation This 
reduction m the amount of serum given diminishes the risk of 
anaphylaxis, but this danger must alvays be borne m mmd when 
administenng antitoxin by the intravenous route 
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extent that its action is inhibited and only starts again after 
B sforogenes has produced enough alkah to neutralize the excess 
of acid Infection by gas-for min g organisms occurs, m almost 
every instance, pnmanly m muscle, and the virulence and extent 
of the infection depend on the mtegnty of the blood supply to 
the part Gas-formmg organisms may develop m the pleural 
ca'snty or m a jomt when blood is present, but under such cir- 
cumstances show much less virulence Invasion of the blood 
stream is uncommon, and is usually a ter min al event 

THE CLINICAL PICTURE 

From the chmcal pomt of view a case of gas gangrene presents 
the followmg picture 

The onset may be very rapid the earhest case I saw deve- 
loped not more than three and a quarter hours after the receipt 
of the wound The average time of onset is probably about 
thirty-six hours, and development at a much later date has 
often been recorded The appearance and condition of the 
patient are characteristic the skm is yellowish, the expression 
pmched, and the tongue dry , the pulse is rapid and poor m 
volume, and the blood pressure as a rule is low. The condition 
of the patient may be far graver than the nature of the wound 
would mdicate 

The wound itself presents certam defimte features a charac- 
teristic smell resembhng acetylene gas is to be noted on removal 
of the dressmgs , the skin edges show no reaction , and a thm 
discharge often containmg gas bubbles is seen escapmg from the 
wound 

If a hmb is affected sweUmg is present and a tympamtic note 
may be obtamed on percussion In the late stages crepitation 
may be felt m the subcutaneous tissue In the early stages the 
skm of the limb is pale as a result of the sweUmg As the con- 
dition progresses the skm becomes yellow , purple patches then 
develop, with blebs containmg blood-stamed serum, and finally, 
when death en masse has occurred, the limb assumes an ohve- 
green colour 

When a wound is opened up or an amputated hmb is examined 
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after removal, naked-eye diangea m the muscle may be observed- 
The earliest change is in colour the normal purple-red of healthy 
muscle changing to a dusky red m more advanced cases the 
muscle becomes a bnck red is fnable and non-contraotile and 
gas bubbles may be seen or fdt m it. In the last stages the 
muscles become pultaoeous and gceeuuh blacL, The fact that 
at operation on a wounded limb non-contractile bnck red muscle 
IS found should at once suggest that gas gangrene is present even 
if it had not been suspected before On microscopical examina 
bon it can be seen that the muscle fibres are at first coagulated 
and separated from then sheath by a space presumably containing 
gas and tone exudate and m the later stages both sheath and 
fibres are completely dismtegrated. 

The gangrene may be of two types (1) Massive gangrene 
mvolving the whole limb and pracbcally always associated with 
injury to the mam vessels of the bmp (2) Group gangrene 
where a muscle or a group of muscles are afteoted the mam 
blood supply being unaffected It is of interest that m this type 
of case the infeobon does not readily tend to spread from one 
group of muscles to another 

TBZATUENT 

Prophylaxis by means of anb gas-gangrene serum or the use of 
this serum after the infecbon has been established is m my 
opnuon of httle or no value though it is obviously difficult to 
substantiate this statement folly m the case of prophylaxis. 
The giving of anb-gas-gangrene serum at the same bmo as anb 
tetamo serum is advisable therefore, and though it may do no 
good It cun do no harm. The best form of prophylaxis is the 
early and careful debridement of the wound ^ dead tissue 
especially muscle of doubtful vitality being removed and the 
wound bemg left open for some days if there is obviously nak 
of severe infecbon. In estabUshed cases the line of treatment 
depends on the nature and extent of the mfeobon. "Where there 
IS maasivo gangrene m a limb with damage to the mom artery 
early ampntabon is essential. Such amputabons should be well 
above the limits of the infected area if flaps can be fashioned 
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they should be ample, and it is advisable that they should not 
be sutured for some days Exposure of the stump to the air 
vuth the minimum amount of dressings is also of extreme value 
The immediate amelioration m the patient’s condition after 
amputation for gas gangrene is most remarkable 
In group gangrene, where a muscle or a group of muscles are 
attacked, resection of the affected area -will often cut the mfection 
short and save both hmb and life I wiH give tiro examples of 
such cases to illustrate the method 

Case 1 . — This patient was wounded at 1 am, the right leg 
bemg shattered m the lower third He was admitted at 3 30 
a m , and a primary amputation was performed by equal lateral 
flaps m the upper third of the leg at 4 a m The flaps were 
hghtly sutured and provision was made for contmuous eusol 
irrigation A1 went well for twenty-six hours , the pulse then 
ran up to 120 (it had previously been 80 to 90), the tongue 
became furred, and the patient was drowsy and obviously very 
fll On exammation of the hmb the front of the leg showed 
motthng of the skin, with swellmg and a tympamtic note on 
percussion The patient wus at once anaesthetized and the 
wound was opened up, when it was found that the entire antenor 
tibial group of muscles m the stump were brick-red m colour 
and non-contractile They were removed en masse, and the 
wound was left open and treated by contmuous eusol ungation 
After twenty-four hours the patient’s condition improved 
steadily, and he was evacuated to the base nine days later At 
the first operation it was noted that the anterior tibial artery 
was occluded but that the antenor tibial muscles were apparently 
healthy and contractile , the artenal occlusion clearly predis- 
posed to the development of the gangrene at a later date In this 
case it 16 doubtful ^^dether the patient would have survived an 
amputation through the thigh Local excision of the mfected 
muscle group gave him a useful stump with a normal knee-joint 
Case 2 — This patient "was wounded at 4 p m by a rifle grenade 
fragment and admitted three and a quarter hours later as a 
walking case IMien he arrived he was clearly very ill His 
puke vas 120, of poor quahty , the tongue was furred and the 
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face pmohed. There waa an irrcgalAr entry wound the sue of 
a threepenny piece on the postenor aspect of the right arm just 
above the internal condyle of the bmnems there was no eut 
woimi The whole arm appeared swollen and was crepitant to 
the touch there was a tympanitic note on percnasiom He was 
operated on at once, when it was found after exasion of the 
wound of entry that the projectfle was lying to the inner side 
of the vessels m the lower third of the arro. A second mcision 
was made over the site of the projectile and snbcntaneous tissue 
was found to be oedematoua and the biceps muscle showed signs 
of gangrene The whole biceps was therefore exposed by a long 
mcmon and the inner half was found to be changed m colour 
and non-contractfle the outer half of the muscle appeared to 
be normal. As the infection seemed to be localired to the inner 
half of the muscle this portion was excised m its entirety The 
wound was left open for seven daya, and was then closed by 
secondary suture. The ultimate result was extremely satis- 
factory 
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GUNSHOT WOUNDS OF THE CHEST ^ 


By G E GASK, CMG,DSO,FRCS 

In the latter years of the great war we saw many changes m the 
treatment of gunshot wounds of the chest Durmg the first 
two years of war very httle was done The usual treatment 
afforded was to put the patient to hed, give him some morphme 
and a cough mixture, and hope for the hest If an empyema 
formed a portion of nb was excised and the pleural cavity was 
drained by means of a tube As might be expected, the mortality 
was great and m non-fatal cases convalescence was often pro- 
longed 

The reasons for the non-intervention were three Fust, 
experience of the South Afri can War, where the groimd was dry 
and clean and where wounds were largely due to nfle bullets, led 
our surgeons to the behef that chest wounds were best left alone , 
secondly, it was beheved that it would be fatal to open up the 
chest cavity without the aid of some form of pressure chamber ; 
thirdly, it was thought that han dlin g of the lung would provoke 
fast and fatal bleedmg Experience proved these assumptions 
wrong, and a complete change was made m our practice, not 
from the discovery of any new method, but by the apphcation 
to these injuries of the general principles of surgery which govern 
the correct treatment of aU wounds — ^namely, early mechamcal 
cleansing by operation followed by early closure 

TYPES OF WOUNDS 

The types of wounds commonly met with m a casualty clearmg 
station are as follows the through-and-through wound caused 

^ The substance of this lecture "svas presented to the ninth annual session of 
the Qinical Congress of the Amencan College of Suigeons in 1918, and appeared 
m Surgery, Gynecology and Obsfdrics in the foUoning year 
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hj a nfl« bullet tbe through and through wound caused by a 
shell fragment the lodging wound with retention of a large 
foreign body the lodging wound with retention of a small 
foreign body and the open sucking wound of the thorax, with 
or without retention of a foreign body 

OAtJSES OT DEATH AND PROLONGED ILLNESS 

If compheatmg wounds are disregarded the causes of death 
from pure chest wounda may be divided mto three groups 
dp-flthu on the battlefield or m a few hours after admission to a 
medical unit due to mjuiy to large vessels or an extensive lesion 
which cannot be aided surgically deaths after forty-eight hours 
— these are almost always due to aepaifl of the pleural cavity 
and its contents and deaths at the base after seven days. In 
the last group agam the cause of death is almost invariably 
sepaiE. Therefore the guidmg pnnaples m treatment of chest 
wounda, as m any other wound, must be the eUmiDation of 
oontammatioa before organisms have had tune to invade the 
bssuea. 


CHANNEUl Of INFECTION 

Granted that the chief danger to a man wounded m the chest 
18 mfectioii, it IB ne ce s sa ry to see how organisms reach the chest 
cavity The pleural cavity may be mfeoted (1) by the 
and portions of the clothing or equipment earned m by it (2) 
from the wound of the lung m which a miaade, a splmter of bone, 
or a portion of clothmg may be retamed (3) through the wound 
m the chest walL A wound that opens direct mto the pleural 
cavity through which air is constantly sucked, will always lead 
to infection and unless dealt with is often fatal. Further a 
wound, even of moderate dimenaioiis, through which on: is not 
bemg sucked unless adequately dealt with may suppurate m 
the course of a few days and if the thoraao cavity is not sealed 
off organisms gam entrance to the pleural cavity where they 
find the blood a convement medium for growth This accounts 
for many cases which exhibit septio changes only after an mterval 
of five or Bii days. 
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PEUIAKY MEASTJEES 

The principle to he aimed at, therefore, is the early mechamcal 
cleansmg of the wound, both of the chest wall and of the m]ured 
■viscera , the evacuation of all foreign bodies and of effused 
blood from the pleural cavity , the repair or suture of the damaged 
lung , and the closure of the chest cavity by suture To arrive 
at this, when a patient suffermg from a chest wound is admitted 
to a casualty clearing station he should be put to bed and allowed 
to rest undisturbed to recover from shock The only exception 
to this rule is when there is a large open blowmg wound of the 
chest In such a case the opening is at once closed by tem- 
porary skm suture The rehef given is immediate, and it is 
generally ad'vised that a blowing chest wound should be sewn 
up at the earhest possible moment in the advanced medical 
umts 

Patients with retamed missiles should be submitted to ai-ray 
examination for information concemmg the position and sixe 
of the foreign body, the existence and extent of haemothorax 
and pneumothorax, and the condition of the opposite lung, 
cardiac displacement, and movement of the diaphragm 


rNDICATIOKS FOE EARLY OPERATION 
These are as follows a ragged woimd of the soft parts , 
bleeding from the panetal woimd , compound fracture of the 
ribs , suction of air mto the pleural cavity , retention within 
the chest of a large foreign body , great pam due to m-dnven 
sphnters of bone , rapid!}’- mcreasmg pneumothorax due to a 
valve-hke opemng into the pleural cavity which allows an to be 
sucked m and prevents expulsion , and a large haemothorax 
which cannot be evacuated by aspiration When none of these 
mdica-tions are present — that is, when the wounds of the chest 
wall are small and clean, such as those made by a nfle bullet, 
when the nbs are not splmtered, when the foreign body re- 
tamed IS small — ^the pa-fcient is treated on general medical 
prmciples 
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TBEATMEUT bt operation 

The best time to operate is as won as possible after the receipt 
of Uie -woimd, proved the patient has recovered from the 
mitial shock. Pstienta bear operation well and take a general 
anaesthefao satisfactorilj It is unnecessary to use any form of 
pressure chamber 

TFound* of Soft Paris of Ohut TFafl — W onnds of the soft parts 
tmlees "mnTI and clean, should always be excised even if nothing 
farther is done, because otherwise they suppurate and infection 
IB liable to spread along the tzaok of the missile mto the pleural 
cavity 

jF’farfure of Ribs — Excision of the soft parts leads the surgeon 
to the ribs. More often than not the riba or scapula are broken, 
and, whether of not the chest is to be opened the splinters of 
bone should at least be removed ragged ends of rib cut cleanly 
off and all dead tissue excised 

Thus the first step m the treatment of a chest wound is to 
make a careful complete exmsioix of the panetal wound. In 
some oases this is as far as the surgeon should go Excision of 
the wound allows a thorough exammataon, which may reveal 
erthcr a bleeding mtercostal artery or a large hole hitherto 
unsuspected, leading mto the chest, and a finger mtroduced mto 
the pleural cavity may discover splmters of bone either free or 
sticking mto the lung Such splmters ought to -bo removed for 
they play a great part m the production and maintenance of 
Sepsis, 

At this stage the case has been converted mto one of open 
haemothorax. Two courses are now available to the surgeon 
he msy do what is called the complete operation, opening the 
chest, repairing the lung, cleansing and closmg the pleural cavity 
Or he may content himself with the exmsion or with euturmg 
panetes after evacuation of the blood from the pleural cavity 
other by rolhug the patient or by aspnatioiL The decision may 
be difficult. My belief is that if any operation is undertaken for 
ft penetrating wound of the chest it should be done completely 
^ yirfdmg the best reaults m the long run 
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RETENTION OF A LARGE FOREIGN BODY 
By a large foreign body is meant a sbeU fragment of about 
one mcb by half an mcb Such a fragment not only injures 
tissue but cames m with it fragments of clothmg which unfail- 
mgly cause contammation Therefore it should be a rule that 
aU large missiles be removed at an early date The operation 
may be done cither by enlarging the onginal wound or by a fresh 
mcision, and the surgeon is guided m his choice by the position 
of the missile relatively to the wound, as seen by the radiograph 
Where possible thoracotomy through the i^ound is preferred, 
but m any case the ongmal wound or wounds must be completely 
excised A fresh thoracotomy may be done by resection of four 
mches of nb or by an mcision m the mtercostal space The 
easiest route is probably via the fifth rib m the anterior or mid* 
axillary hne , through such an mcision with the use of a retractor 
or nb spreader any part of the pleural cavity can be reached 
On looking mto a chest thus opened the first thing seen is a quan- 
tity of blood the greater part of which is imclotted — ^at any 
rate durmg the first two or three days after injury This must 
be removed by moppmg The cavity of the chest is now visible, 
the chief objects seen bemg the collapsed lung, the dome of the 
diaphragm, and the mediastmum The missile may be evident 
at once, but, if not, it may be sought by msertmg the hand mto 
the pleural cavity , if it is l}ung m the lung it can be felt vith 
the fingers, and be removed either through the wound of entry 
m the lung or by fresh mcision mto lung tissue 

Lung tissue may be excised without fear, because any fresh 
bleeding foUovTng mcision is easily controlled by suture Con- 
tmued bleedmg from the lung is exceedingly rare Arrest of 
bleeding follows spontaneously from collapse of the lung , and early 
operation vnlhin iv.ehe hours after injury does not cause recrudes- 
cence of bleeding The wound m the lung itself should be excised, 
v/hen possible, m the same way as a vound of the soft parts — 
that is to say, it should be cleaned mechanically and sutured 
It should be sutured for tivo reasons first, because even if not 
completely freed from organisms there is evidence that the lung 
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la capable of dealing 'witb a coiundernble anujont of mfectioiL, oa 
pro^id by the ranty of gaa-j^ngrene infectioii , end, secondly, 
becanfle restoratiOTi of fonctioa tf hasteaed. 

AJBDOlIIHO-THOaAOIO INJimrES 

Injunei mvolvmg both the chest end the abdomen are not 
infrequent, and may be either sin^e or multiple. When a mi s s ile 
has traversed both chest end abdomen the diaphragm is neces- 
sarily injured, ftTwl abdominal viscera may herniate mto the 
pleural cavity This is more often found on the left than on the 
light Bide, because on the latter the liver affords protection. 
The diaphragm can only be repaired efficiently from above 
therefore it is ivise to open the chest first, replace the abdominal 
viscera, suture the diaphragm deal with the chest as already 
indicated, and then if there is evidence of mjuiy to the hollow 
viaceta laparotomy may be performed The passage of a sma ll 
mimnU through the diaphragm may not necessitate repair in 
such a case with evidence of injury to hollow visceia, the ab- 
domen IB given preferential treatment. 

HAEUCTTHOaAX 

The question often anse* as to the correct treatment for a 
patient with haemothorai of moderate dimensions and in whom 
there ts no retamed missile and no large wound of the panete* 
— that IB to say a case of uncomphcated haemothorai. The 
majority of these cases recover with aspiration, A certam pro- 
portion however become miected. li it were pos^le to foretell 
which cases would become infected then there is no doubt that 
they would be operated ou at an early stage the haemothomx 
evacuated, the damaged Inng repaired, and the cheat closed, 8o 
far us IB known there is no way of foretelling this therefore, to 
prevent any possible infection it would be necessaiv to operate 
on every case — a course which is not advocated, seeing that 
many of these patienU get well by tbemselvcs. The usual 
practice u to aspirate the haemothorai as completely as possible 
and make every effort to detect aigns of infection at the earliest 
moment The only certam evidence of infection is either a 
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positive bactenological finding or tlie removal of stinking fluid 
By clmical signs it is often possible to diagnose the existence of 
infection before organisms can be detected by tie bacteriologist 

Tie essential treatment, as soon as infection is proved or 
suspected, is to empty tie ciest of all blood and clots This 
cannot be done by aspiration , so open operation must be em- 
ployed The common practice has been tie resection of an 
mci of nb and insertion of a tube Provided the operation is 
performed withm a few days after receipt of tie wound it is 
better to do a wider resection, cleanse tie pleural cavity, and close 
tie ciest, subsequently keepmg tie pleural cavity dry by 
aspiration Tiis method offers tie foUowmg advantages tie 
ciest may remam closed , tie lung is allowed to expand and 
adhesions may form which will prevent complete collapse, even 
if tie pleural cavity is subsequently dramed , respiratory distress 
IS much less with a closed ciest , and if infection persists and 
tie ciest has to be dramed it is very easy to take out a few 
stitches and insert a tube Dramage of a ciest, ike amputation 
of a imb, should be regarded as an admission of surgical failure 

COXTRATNIIICATIONS TOE OPERATION 

These are shock and collapse, such as would be contramdica- 
tions for any surgical procedure , small clean wounds without 
evidence of serious mtrathoracic injury, and collapse of the 
opposite lung as mdicated by inspiratmg retraction of tie ciest 
waU on tie side opposite to the wound — ^m this case an anaesthetic 
on openmg of tie chest may be fatal 

OPERATn^E TECHNIQUE 

Thoracotomy through the Wound — ^Tie first essential is tie 
complete excision of tie wound, mcludmg tie skm, muscles, and 
broken ends of nb This iaAong been done, tie ciest should 
be opened with fresh instruments An mcision is made from 
tie edge of the wound through the skm along the ine of the 
broken nb, either forwards or backwards, to obtam the best 
access to the cavity of the chest Tie muscles are mcised down 
to tie nb and retracted, and tie penosteum mcised along tie 
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middle Ime of the exposed rib Along tbs line the penosteum 
15 stepped off with a rugme A Dojen’s pcnostenl nb elevator 
18 then inserted and the penosteum entirely separated The 
bone 18 now out throngh with ft pair of rib shcatB or bone forceps 
and removed To all^ free access to the pleural contents and 
insertion of the hand it is necessary to take away fonr mchea of 
Tib The posterior layer of penosteum of rib with the panetal 
pleura attached is next with a pair of sasaors along the 

middlo of the gap Then ft retractor or nT) spreader is inserted 
and the chest opened widely 

Thoracotomy hy Frtsh Incision — As previously stated this 
operation may become necessary when thoracotomy through 
the wound not allow access to the mjured portion of the 
long — for instance, when the wound is m the lower and postenor 
part of the thorax and the foreign body near the hilnm or in the 
upper lobe of the luug Resection of four inches of the fifth or 
sixth rib m the antenor axiUftry line gives a good exposure of 
the thoraao contents, and if there are no other conaidcrations 
tbs IS probshly the best and easiest route to follow It bos to 
be remembered, though that if drainage of the pleural cavity 
has to be performed later on it carmot be done effectively through 
tbs meufton Theiefote if the nature of the wound and masilo 
15 such as to indicate probable future infection it may be advis 
able to choose a lower nb and make the inasion more poetonorly 
A SIX inch inosion is made along the Imo of the selected nb and 
contmued down to the penosteum wbch is stepped off the 
antenot surface with a rugme With rib elevator and sheers 
four mches of the rib are resected. The postenor layer of penos 
taum with the panetal pleura attached is then mci^ along the 
whole length of the middle of the gap and the retractor or nb 
spreader inserted. 

PEOCEDtJRE WITHIN THB THORAOlO GAITIT 

After tio chert hiu been widely opened either throngh the 
wound or by fresh monon it is ndvisablo to remove the blood 
ten the pleural cavity— amt, beeanse it is easier to see what 
has to be done and, secondly because removal of the blood 
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relieveB reBpiratory difficulties by lessening pressure on the 
media stinuin The blood can be removed by rollmg the patient 
on to his side Probably, however, it is better to do it by swab- 
bing with gauze and scoopmg out the clot with the gloved hand , 
less disturbance is caused to the patient by this method. This 
done, the gloved hand should be inserted into the pleural cavity 
and swept around in order to detect and remove any sphnters 
of bone which may be lymg free, or the missile and portions of 
clothing These are most bkely to be found in the pleuro-dia- 
phragmatic reflemon. Next, the foreign body, if retamed in the 
lung, may be detected by the fingers, and with the aid of two 
pairs of lung forceps the affected area is brought mto the opening 
of the chest The lung can be handled as easily as a coil of 
intestine, and without causing a great fall m blood pressure 

TEEATMEXT OF THE WOUNDED DENG 
A foreign body, when present, seems generally to be near the 
surface of the lung, and can easily be removed ; if necessary, a 
small mcision may be made through the lung substance The 
hole in the lung should now be explored for sphnters of bone 
and shreds of clothing, and cleansed as far as possible by swabbmg 
When there is a large ragged wound, and it is anatomically 
possible, a wedge of lung may be removed or the edges of the 
hole chpped with scissors In any case, whether the wound is 
excised or not it should be closed by catgut sutures in either 
one or two layers, accordmg to the depth of the wound Bleeding 
IS easily controlled by such suture 

CDEANSING OF THE PLEDEAD CA'VUTY 

In most cases it is only necessary to cleanse the pleural cavity 
by swabbmg it dry and clean. If, however, there has been much 
soihng it is advisable to wash it out with either warm sahne or 
eusol In any event the chest should be left dry, an essential 
factor m the early expansion of the lungs 

CXOSEEE OF CHEST AND POST-OPEEATIAE TEEAEMENT 
Whether the operation has been performed through the wound 
or by fresh mcision the chest should always be closed. The 
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relief afforded is instant and marked An ottcmpt ahonld bo 
made to repioi tbo cbcst wall m layers — pleura to pleura muscle 
to muscle and skm to slam AVbero a large hole has been blown 
through the chest wall it may bo unpoeaiblo to get the edges of 
the pleura to meet , m that case muscle should bo made to cover 
the gap even if a flap has to bo cut Finally tbo skm should be 
closed by interrupted sutures In the majontv of cases healing 
will bo by primary umon 

Regular post-operative aspiration is generally required to 
keep the pleural cavity dry for after a big operation there is 
usually a fluid exudate, which if not removed may become 
infected. 
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By a. TtlDOE HAP.T, M E C S , L E C.P. 

Lole Major, Spanish Repuhlv^n Army Medical Service 

It is my purpose here to give an outline of the practical lessons 
to he dravm from the most recent availahle experience in Tvar 
surgery, both in the field and on the home front It is of course 
impossible even to touch on aU the developments that the weU- 
organixed Eepubhcan Medical Service in Spain has mtroduced 
into the practice of vrar surgery I shall therefore hmit myself 
to certain questions vrhich have a general importance and in 
vrhicb I had an experience sufficient to enable me to give a 
personal, not merely second-hand, opinion. I viU touch on the 
present position in regard to three main topics . (1) the general 
problem of vround excision and primary suture, and the condi- 
tions favouring its success ; (2) the treatment of septic Tvounds 
and of anaerobic infection : and (3) conservative surgery of 
limbs 


WOUND EXCISION 

"Wound -excision has completely replaced aU attempts at local 
disinfection. This principle which emerged from the last var, 
is now 50 generally accepted in war surgery that it would not 
need further mention except for the fact that in civil accident 
surgery it is by no means yet universally adopted. We may 
therefore unfortunately expect that the ancient practice of the 
casualty departments of many hospitals wiU be carried over 
into war surgery, in the first few weeks at least We should of 
course insist on a proper standard of treatment of civil accidents 
in peace-time if we wish to secure the best treatment in war- tune 
Success after primary wound excision consists in the avoidance 
of sepsis and especoally of gangrene. The chief factor in failure 
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Utt, I believe, not in fc caitle** ttdmiqne of nsepsiA, and certainly 
not m any poasibiljty of antisepsifl but in the persistence m the 
wound of non-Yiable tissue or of gross foreign matter It is m 
fact not merely the infecting orgEinsms but then breeding ground 
that ire must remove For this reason a haematoma m a var 
wound IB a potential danger, and must never be left unoperated 
For this reaaon, too mjurr to the femoral or popliteal artery is 
tn my opinion a peremptory mdicotion for immediate amputation 
tf there is extensive Uoeration or a fracture. 

tRIUABY ffUTUHE 

Once the excision is as complete aa poeaible, and providing 
the case has come to operation withm twelve hours or in certain 
rayw up to twenty four boats, there is no contramdication to 
primary suture if certam conditions ore fiilfiDed. The first of 
these IB that the wVm edges can be brought together without 
tension sometimea a lateral mosioru on one or both sides will 
make this possible The second is that the case need not be 
further evacuated, but can be retomed unmobfiized and under 
oemstant observation. 

If the skm edges cannot be brought together without tension, 
suture IS useless and will always break down. If the case cannot 
be retained for the ccrtical port-operabve penod, suture is danger- 
ous and should never be performed. 1 want especially to stress 
this pomt, because there seems to me to be a not very well con 
Bidcred readiness to advise pnmary suture after exemon on the 
assumption that thn will be the routme at casualty clearing 
stations, from which the majority of cases wiH immediately be 
further evacuated If this is done I feel perfectly certam that 
our Spanish experience will repeat itself and that surgeons m 
base hospitals will be removing sutures almost as a routine as 
the cases amve with severe sepsis or gangrene, while the surgeons 
in the casualty clearing stations will contmue happily unaware 
of the lack of success of thar operative efforts. The result might 
well be an undue reaction against pnmary suture as such, though 
It IS of course the very best method availahle if the proper pre- 
cautions can be taken. Further there are certam cases which 
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demand primary suture as tlie only metEod of saving kfe or 
liml? These are 

1. Open pneumotEoras:, a class by itself requiring operative 
mtervention at the earbest possible moment 

2 Penetratmg bead vrounds Tbe results wben tbe ventricles 
bave not been penetrated are so excellent witb early operation 
and primary suture witbout dramage that no case sbould ever 
be left imoperated over tbe twenty-four hours Tbe scalp 
sbould always be sutured and tbe patient be given a penod of 
ten days at least, twenty days if possible, of undisturbed post- 
operative rest Witbout sucb treatment tbe mortably from 
sucb wounds, when tbe dura bas been penetrated, approaches 
100 per cent 

3 Penetratmg wounds of joints form tbe third class of case 
that require excision and primary suture Tbe results after 
sucb treatment are agam so exceUent, and tbe consequences 
of any other treatment are so serious, that these cases sbould 
be brought mto tbe class of urgencies for both operation and 
subsequent retention m tbe hospital of operation 

A few words on tbe tecbmque of suture I am strongly of tbe 
opimon that no mtemal suturing sbould be performed under 
any circumstances — ^neither of nerves nor of tendons nor of 
fascial layers At most it is sometimes necessary to tie off an 
artery I never sutured the capsule of any jomt, and tbe results 
were uniformly good. With this technique tbe skm only is 
sutured, and it is sutured very carefully with interrupted sutures 
to secure exact apposition This is tbe tecbmque recommended 
by Bobler. His experience is overwhelmingly greater than that 
of any British surgeon can be, owing to our almost complete lack 
of organization of traumatology as an independent branch of 
surgery Tbe question cannot of course be regarded as settled 
But it seems to me that surgeons who recommend internal suture 
of contaminated woxmds sbould give us tbe practical expenence 
on which they base then view. 

If the mcidence of infection with this tecbmque is even appre- 
ciably lower than after suture by layers, or of nerves and tendons, 
then sucb mtemal suture sbould be avoided, smce once tbe 
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wouDd has healed hy first intention n secondary asepho sntuni 
of nerves and tendons is easy ixnd without nsh whereas if 
infection supervenes not only is tho primary suture of nerves 
and tendons lost but there will be both sloughing and tho sub- 
sequent del clopmcnt of much scar tissue 

Mlth regard to tho sometimes recommended partial suture 
with n few * situation sutures only I can sco nothing to rccom 
mend it. Either we hope to obtain heabng by first intention, m 
which case we should suture completely and carcfullv, or if wo 
thmlk. wc are not UUely to obtain hcalmg by first mtcntion wo 
shall do better to loavo the whole wound fully open withont any 
suturing at alL 


THE o? hraciaoe 

It IS now generally agreed that in certain situations drainage 
after primary suture should be avoided these are tho pento- 
neum, the slnill end hmin the jomts, and compound fractures 
where prunary suture is attempted It must be stressed em 
phatically that Spanish experience fully confirms the loadnsa 
bfiity of draining m such cases But this leads ns to question 
the advisability of drnmmg at all where no sepsis is established 
as after a primary sutnre Drainage by strips of gauxe has 
to be mentioned only to be condemned Such drainage 
acta merely as a plug and if left for more than forty-eight 
hours makes aepsis a certamty Dependent drainage is 
usually advised if it is thought that hacmostasiB is im 
perfect. Personally I would advise firm bandaging mnintamed 
for about six hours, which is sufficient to still any oonng 

So far therefore, the wound is excised as completely as posaible 
and the skm carefuDy sutured without drainage but only if 
the conditions enumerated obove are fulfilled Fhm bandaging 
has been tpphed to stop ooxmg but this is m most cases only 
the first half of the operation althou^ tho tradition that the 
surgeon s essential task is over once ho has finished stitehing is 
BO deeply rooted in most that the second half of tho operation 
“^be task of providing rest for tho wound — is usually relegated 
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in textboolcs to a simple statement sucli as “ the limb should be 
placed on a skeletal splmt 

CONDITIONS ESSENTIAL FOR SUCCESS IN WOUND TREATMENT 

The surgeon who desires success in accident work — and war 
surgery is, after all, only a special and horrible form of accident 
surgery — ^must learn early the fundamental lesson of the great 
orthopaedists, of Robert Jones and of Bohler, that operative 
mtervention is but an item in the treatment. Success in wound 
treatment depends on providing the optimal conditions for the 
m]ured tissues to undergo the spontaneous process of repau 
The first part of the treatment consists m the apposition of hve 
tissue to hve tissue, after the removal of all foreign, dead, and 
dymg matter The second part is the provision of rest for the 
process of repau and to overcome the infection which is almost 
inevitably still present The conditions necessary are : immo- 
bihty of the mjiued parts m relation to one another , a good 
blood supply , and the avoidance of all that lunders rapid tissue 
metabohsm This requues exact methods of immobduation in 
all severe lunb m]unes, even when a fracture is not present The 
techmque of immobihzation is no more to be learned from lectures 
or textbooks than is the technique of operation It needs prac- 
tical expenence For this reason alone, since lunbs are concerned 
m 70 per cent of aU war injuries, it is essential that the war-tune 
general siugeon shall have had personal experience in the modem 
treatment of mjunes m peace-time 

The second condition required by the freshly operated wound 
IS a good blood supply and the reduction or avoidance of oedema 
Elevation is therefore essential Oedema is always present at 
first, the onset being fauly rapid and inevitable after the injury 
But it IS quite certam that the disappearance of this mitial 
oedema is the best possible sign of success m treatment and that 
its persistence is invanably a sign of at least relative failure. 

There is a third mam principle in the post-operative treatment 
of wounds — non-interference In this the Spanish AVar marks 
a definite advance Not, of course, that the idea is at all new 
The AFmnett-Orr operation, the Dickson Wnght treatment of 
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varicose ulcer and the occlusivo izeatment of septic bu ms are 
but a few examples of a general tendency to realize that the 
surgeon’s is to assist tiasne repair that is trying to develop 
quite mdependently of any efforts on his pact Observmg this 
principle of non interference, there are two alternative mfithods 
available. One is that of open wound treatment with no dressing 
whatever This method is applicable whether the wound has 
been sutured or not. The Catalan school of surgeons, stron^y 
under the inhuence of Bfthler, appbed this method on a very 
wide scale The results are so excellent that I feel qmte certam 
that it is merely a matter of tnne tmtil this becomes a generally 
recognized standard treatment m casnalty work. 

There is however another method whidi also gave snch 
excellent results lu Barcelona that it is a scnous nval to open 
wound treatment That method la the closed plaster cost appbed 
to a fresh wound with or without petoileum jelly This is not 
BO simple os open wound treatment and needs disousson. In 
the first place it is evident that if primary suture has been per 
formed there is bttle advantage m a closed cast, but considerable 
danger In these cases it is clear that a large window should 
always be cut immediately with open treatment of the sutured 
wound But there remams a number of casee when suture 
cannot be performed and for these the closed plaster is the ideal 
form of treatment. The conditaous for its application are first, 
that a complete wound exasion must have been performed 
and, secondly that the conditions are the some as for w n rmd 
suture the wound must be &esb — m general under twelve 
houiB — and show no signs of infection already developed. Ttim 
method may however be permisaible for cases requiring further 
evacuation if proper precautioiia are tatun for observation of 
pulse and temperature together with elevation of the limb 
durmg transport. 

OROAKirATION OP BUKOimT IN WAR TOTB 
I will now mention two principles that touch the orgamiation 
of surgery, especially of the first operative mtervention, m war 
time The prmaple govaming field surgery is, of course that 
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tlie wounded must “be got away from the front as far and as fast 
as possible, that absolutely nothmg must be allowed to mterrupt 
the flow of casualties to the rear, even if this means some loss of 
lives that might have been saved under peace-time workmg 
conditions Eor this reason the casualty clearmg station was 
developed near enough to the front to enable the first operative 
mtervention to reduce enormously the mcidence of severe sepsis 
and gangrene, yet mevitahly also too near to the front to permit 
the majorhy of cases to remam there On the home front, 
however, conditions will be different It will remam absolutely 
essential to evacuate casualties very rapidly, and not to retam 
any save untransportable cases m the danger areas This is m 
fact proposed m the present Emergency Hospitals Scheme^ 
For its successful worlong rapid transport will be essential, and 
for this purpose Spanish experience suggests the great advantages 
of rail over road transport ^ In any case it is greatly to be hoped 
that those responsible will take steps to ensure the effective 
carrymg out of the Ministry of Health’s advice m regard to pre- 
operative evacuation from danger areas, especially m view of 
the enormous numbers of casualties which are expected durmg 
the first few weeks of a war, owmg to the almost entue absence 
of prophylaxis m the most dangerous areas 

The pre-operative evacuation of casualties from the danger 
areas wiU make possible the observance of two pnnciples (1) 
that all cases do much better if they can be given complete rest 
for the critical post-operative penod , (2) that Eobert Jones’s 
principle of contmuity of treatment and of surgical responsibflity 
shall be achieved from the very start I think the importance 
of this second factor cannot be overestimated I cannot forbear 
to mention one matter of the highest importance m effective 
evacuation — ^the standardized stretcher and stretcher fittmg, so 
that the wounded person never leaves the stretcher he or she is 

1 Emergency Medical Services Memorandum No 2 Emergency Hospital 
Organization Issned by the ^Ministiy of Health Section 7 

* In Catalonia, during the battle of the Ebro special hospital trams 
brought irounded to Barcelona for operation, and the system worked sucoess- 
foUy The French army had already done the same thmg in 1918, bringing 
wounded to Pans for operation. 
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fiat on until the operating table la reached The stretcher 
may often with advantage even be laid on the operating table, 
AftpT tlnii excorsicra into the organixational field wo will return 
to surgical matterSj and consider the present position of the 
treatment of sepsis. 

treatment of septio wounds 

Prophylaxis 'we have already dealt with. Treatment has 
radically altered smee the days of the war of 1914—18 The 
advocates of irrigation now recogniio that it is the mechanical 
washmg far more than the action of the antiseptic that is reapons 
ible for any improvement ' I am boldly going to say that I 
doubt if imgation will long survive at alL The principles of 
treatment are still as for a fresh wound — removal of foreign 
matter and non viable tissue if not already done followed by 
immobilization elevation and non mterfeience To seonie the 
latter open wound treatment is ideaL For the removal of non 
viable tissue m an mfected wound maggots are unsurpassed 
and I hope this method will be developed extensively All this 
remains, however m most cases msuffloent. Free draiii£^fe of 
pus IS essential, and the simplest and surest way to obtam this 
IS by adequate and oareful, but liberal, counter memon with 
the insertion of soft corrugated rubber drama for a few days 
only Perhaps one should add the farther instruction not to get 
worried, and to remember that the soundest entenon is thm 
Is the patient m paml If he is, treatment has been inadequate 
and must be improved. But tf he is free from pam, probably aH 
that IS needed is a little patience. And I would stress both how 
important is this entenon of pom, and how well pnin can m 
most cases bo rapidly elnnmated by correct treatments It should 
also be stressed that morphme exists to be given not merely to 
be withheld, A good surgeon wffl. m these cases give morphine 
freely but will also be able to cease to give it within a few days. 
Where the treatment is grossly mcorrect, and the psm conse- 
quently severe no amount of morphine will control it and yet 
the patient will become an addict, however sparingly the drug 
may be given if he survives that long 
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without any general toxio effect* In other caaes a very localized 
infection ^^ont any maaaiv© gangrene can lead to death m 
five to eight days, ■with a tone janndice and confluent broncho- 
pneumonia. Further, it muat be remembered that metastaaiB 
18 very apt to occur Thia la the reason why it is so dangerous 
not to amputate immediately a lower bmb that has lost its blood 
supply Cythermetaatasea occur in case* of gangrene the orga nism 
m the new focus not necessarily being an anaerobe. For instance 
the leg of a Spanish soldier aged 3C was amputated m gufllotme 
fashion above the knee for gangrene of the leg The open stump 
never showed any «gn of infection yet the temperature rose 
steadily over several days until finally jaundice developed 
and vomitmg Started A subphienio puncture on tbe nght side 
drew thm stinking pus a rib resection was performed in the 
expectation of finding a sobphreuic abecess but there was uo ngn 
of one A needle was inserted into the hver and about 40 acm. 
of pus withdrawn- A rubber dram was inserted for twenty four 
hours As the vomitmg contmued three litre* of glucose salme 
•were given mtravenoualy with some insubp. The vomitmg 
ceased at once and the man made an munterrupted recovery, 
no further pus commg fcoxu the inaaon which healed rapidly 
Fadhties for a culture of the metastatio organism were not 
available but it was certainly not an anaerobe, as there was no 
gas escape on entering the abscess. 

A further fact worth menboning because not often found m what 
first-hand htexature there is on gas gangrene, la that severe ^n agr 
obic infections almost mvonably mvolve bones. In fact, if a local 
Med ameibbio udectiou develop* m a wound diagnosed aa of soft 
parts only on unsuspected bone mjury will often be found. Such 
cases are apt to be dangerous, and require very radical opening 

With regard to treatment amputation is not mdicat^ except 
m cases of massive gangrene In these cases amputation must 
be performed without even half an hour s delay and accermpamed 
by massive mtravenous infusion, as the blood pressure will 
already be very low In other case* the wound must be thorough 
ly opened up and all necrotic tutsue removed. The wound is 
then left fully open. The results of treatment on theoe lines at 
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the Lma Odena Hospital for Gangrene m Madrid were remark- 
able, with only some 15 per cent mortahty Serum was used, 
especially mtramuscularly, in the vicmity of the infection Em- 
ploymg a French polyvalent serum, I also had the impression 
that this serum was defimtely antitoxic and that it was more 
useful given locally Fmally, it may be stated that the mcidence 
of gas gangrene is heavier m the lower hmb than m the upper 
hmb, and also, it would seem, more dangerous 

CONSEEVATIVE TEEATMEXT OF INJEEIES OF THE UFPEE LIMBS 

I Will now say a few words on conservative treatment of severe 
hmb mjunes Li the upper hmb there is almost never an mdi- 
cation to amputate Cases, of course, frequently arrive at the 
casualty clearmg station with the hmb already gone, but durmg 
my eight months at the front I amputated only one hand, or, 
rather, a few remnants of what had been a hand It is perfectly 
feasible, and even easy, to save an upper hmb which may be 
almost completely severed If the neurovascular bundle m the 
arm is mtact a very good result can be confidently expected 
The whole shaft of the humerus may be shattered mto a multi- 
tude of fragments, and yet an excellent result be obtained 
That a very large bone defect is not a senous matter was illustrated 
by a radiograph which showed a four-mch tibial graft comfort- 
ably replacmg almost the whole lower half of the shaft of the 
humerus Function m this case was perfect except for some 30 
degrees limitation of extension at the elbow, due to a twelve- 
months delay m the case coming to be grafted 

To obtam good results m severely shattered limbs aU that is 
necessary is to apply the three general prmciples mentioned m 
the mtroduction on wound excision — ^namely, immobdization, 
elevation, and non-interference — after, of course, thorough and 
careful excision But it is precisely for such cases that the im- 
mediate post-operative use of plaster of Pans is essential As 
this method of treatment of fresh wounds, irrespective of bone 
mjury, is httle known m England, a case hrstoiy may be worth 
givmg by way of illustration 

Pedro, a Spaniard aged 22, arrived at the CCS m February 
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bandages Lack of famdianty on the part of surgeons -witb this 
technique may account for some of the existing opposition to 
the wholesale use of plaster m war-time On the other hand, an 
Ignorant use of this method wdl lead to wholesale ischaemia and 
gangrene The obvious solution bes m the systematic peace-tune 
training of future war surgeons m modem methods of trauma- 
tology 

Both immobilization, m the case of mjunes to the arm and 
shoulder, and elevation, m the case of arm, forearm, and hand, 
require an apparatus for abduction of the limb There are two 
fundamentally dijfferent methods of obta inin g this abduction 
Each is m my opmion necessary, the mdication for the one or 
the other depending on the type of case The jfirst is a thoraco- 
brachial plaster spica This was the standard treatment popu- 
larized by Bastos m Madrid and later brought to Barcelona by 
D’Harcourt and others Bastos’s paper on war-time fractures of 
the humerus should be consulted [Revi^ta de Sanidad de Guerra, 
No 2, 1937) The essential prmciple is that even infected frac- 
tures of the humerus are found to do very well m a closed plaster, 
even without any Winnett-Orr operation before its apphcation 
However, it has to be recognized that this is not always the case, 
and that open treatment is sometimes essential For such cases 
the abduction sphnt popularized by Bohler is essential There 
IS, however, nowadays not the shghtest mdication or excuse for 
any other form of spLmtmg of the upper limb for mjunes down 
to and includmg the elbow These two forms are adequate for 
aU and supenor to any other "^Uhat must be stressed is the 
difference between the two, as this is not always fully appreciated 

The thoraco-brachial plaster is apphed with the homolateral 
shoulder dropped, and the arm abducted to 45 degrees only, 
neither more nor less In this position reduction of displacement 
IS excellent, and the only disadvantage is that the shoulder is 
almost completely immobilized m a position which may make 
subsequent full abduction difficult to restore Otherwise the 
method gives excellent results for severe comminuted and infected 
fractures of the humerus, for which absolute unmobdity is 
essential 
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Tlie abduction splint, on the other hand is apphed in an 
entirely different manner It is applied with and keeps the 
homolatcral shoulder raised and is failing m its fnnction if it 
does not do this effectively and permanently for so long aa it 
stays in use It is essential that the shoulder should be kept 
rai^, aa otherwise the upper fragment is pulled down by the 
pectoral, and considciable angulation results VThat is even 
worse, the splint becomes at the same time a drag on the hmb 
instead of a snpport for it and non union is quite likely to occur 
In an mfected case a chronic osteomyehtia will develop 
"With both methods the arm must of course be brought forward 
to a line forming an angle of 46 degrees with the sagittal plane 
This position. IS in the case of a plaster jacket easy to retain In 
the rase of the abduction splmt it is much more difficult To 
obtain increased stability the Barcelona surgeons were in the 
habit of fixing the splmt to the body not with calico bandages 
but either with a few plastei*<rf Pans bandages or with starched 
cnnohne bandages, which are almost as effective and are lighter 
The lightness of the abduction splint, made of well padded 
Cramer wire is one of its advantages over the plaster spies Its 
other advantage is m the retention of partial mobflity of the 
shoulder jomt. Its disadvantage is that it does not give quite 
such good immohiluation and is more difficult to apply It is 
to be noticed however that both appliances allow the patient 
to be ambulant within a few days of hiB mjury if his general 
condition permits but thar greatest merit is that they assist 
m an almost complete disappearance of that scourge of war 
hospitals — chronic sepsis. Very large stooks of Cramer wire 
should be prepared for war tune use It is cheap simple adapt- 
able and dean. 


Operation for Severed Tendons 

Before leaving the subject of the upper hmb I will mention 
here a httle operation which has prewed useful for severed tendons, 
and which providee, I thmk for the first tnne a useful function 
for that bugbear of plastio surgery scar tissue It has already 
been mentioned that when a tendon has been severed it is 
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of sepsis m aU the survivors, who were evacuated to base hospitals 
with normal temperatures and no signs of hone infection. Un- 
fortunately I cannot claim, as I at one time thought I could, that 
none of these cases developed an osteomyehtis, hecause I subse- 
quently saw a troublesome osteomyehtis develop in a supra- 
condylar fracture after one month of apparently perfect recovery 
under tractioiL However, it is clear that early imm obilization m 
an efi&cient form does give astonishing freedom from bone sepsis 
On the home front it is clear that aU fractured femurs should 
be evacuated at once on a Thomas splint to a specialized base 
hospital, which they should reach withm twelve hours, without 
change of stretcher. Operative mtervention and immediate 
skeletal traction would be effected at this specialized, base hospital 
Under field conditions it is of course impossible to achieve tiis 
I would suggest the treatment of fractured femurs under skeletal 
traction for some ten days at an advanced base hospital, reached 
within twelve hours normally, if need be up to twenty-four hours 
Spanish experience shows that this will normally secure freedom 
from infection. The limb would then be placed m plaster, 
apphed under traction with hip and knee flexed and imder a 
spinal anaesthetic ; the patient can thus be transferred safely 
and comfortably to a permanent base, where the plaster could 
if necessary be removed and traction re-apphed. 

Another article in this series stresses the inadvisability of 
attempting to be too conservative in cases of severely shattered 
lower limbs Spanish experience confirms this advice, but also 
has established the fact that severe shattermg or defects m the 
shafts of the long bones is never in itself an mdication to ampu- 
tate. The methods of Uinnett Orr, and the development of 
these methods for the treatment of fresh wounds and compound 
fractures by Tmeta have made it possible and even easy to 
ensure the spontaneous restoration of the most severely depleted 
tibias Severe muscle defect is now a much more senous matter 
than any damage to a long bone 

The treatment of wounds mvolvmg fractures of the tibia, and 
of tibia and fibula, by means of radical wound excision and a 
closed plaster cast can now be regarded as becommg standardized 
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The plnater ehonld be nppbod with the limb held on n B<5hler 
lower limb icrow traction opparatiw Rracturca of the log bones 
should nerer bo treated with traction without a plaster cast 
supported on a Broun splint It is nsoallj best to insert a pm 
through the crest of the tibia leanng it for about three weeks 
The average case can ond should begin to walk in four to tax 
weeks m n weight lieanng plaster— no crutches allowed In 
general it mav bo Mid that hmb mjuncs of nil kinds have become 
&T more ambulant and much sooner ambulant than was the 
case m the war of 1D14-18 This is eapeanlly due to much more 
efficient methods of immobniration which by ginng real immO' 
bihty to the wound ollow of mobility to the man Fractures of 
the humerus, compression fractures of tho spine fractures of 
the tibia and fibula and foot injuries are all examples of this, 
AVith such treotment atrophy and oedema of tho foot in leg 
mjuncs completely disappear It is espemnlly important that 
mjunea to the metatarsals should bo well plastered and the 
patients be got walking early 

Wounds of the knee-joint present certain special features 
First m the csiso of no other jomt is proph\laxis so important 
Excellent results are given by early excision with suture of tho 
skin only without drainage followed by immediate temporary 
immobihration on s Braun sphnt under sbght traction (2 kg ) 

In a few days, when danger of septic arthritis is over any 
fracture of the condyles ui treated ns o closed fracture If sepsis 
IS eatabliflhed lateral drainage of the jomt as advocated by 
iDtchmer is tho first step but is often insufTiaont, cspedally if 
there u extensive comnunution of a condyle In the latter 
case the moat radical excision is necessary to save tho hmb for 
this a ruthless exposure is necessary and m fact has no disad 
^tage since a good arthrodesis is the best result that can be 
hoped for A standard treatment has not yet been achieved 
for these very difficult cases but I am fairly cortam that the 
treatment when it does become standardized, will mclnde 
nnmobihiaticm m plaster-of Pans in preference to attempted 
immobilization noder traction, which is meffioent and m my 
®ipcnenoe, gives inferior results 



aXMSHOT WOUNDS OF THE UPPER 
EXTREMITIES 

By CLAUDE FEAXEAU, CBE, DSC, MS, ERGS 


In the treatment of gunshot fractures of the upper extremity 
several points require special attention (1) As regards the 
wound itself, excision of the track may he extremely difficult m 
the forearm owmg to the close apposition of tendons to the bone 
and the hmited space available This can be overcome to a 
certam extent by free skm mcision (2) Bone fragments can be 
more freely removed m fractures of the shaft of the humerus 
than m those of the lower extrenuty, as shortenmg m the upper 
hmb is of no great importance Apposition of the two ends of 
bone IS, of course, essential after removal of fragments In the 
case of the radius and ulna it seems that removal of small bone 
fragments, which m aU probabdity wiU necrose, is preferable to 
their conservation, as any gap can be filled m later by grafting 
(3) Ners^e lesions are more common m the upper than m the lower 
hmb, and are of greater importance Their early recogmtion is 
essential (4) The most conservative attitude must be adopted 
as regards amputation, smce the replacement of the upper hmb 
by any apparatus is but a poor substitute for the natural hmb, 
however deformed 

Fractures may be divided mto four groups of the shoulder 
girdle of the upper arm , of the forearm , of the vmst and hand 


FRACTUBES OF SHOULDER GIRDLE 
Gunshot wounds of the clavicle rarely come under treatment, 
as the m]ury is likely to be fatal, either from mvolvement of the 
subclavian vessels or of the lung If no such comphcation obtains, 
after excision of the woimd and removal of any sharp spicnJl^ 
of bone the case should be treats' ' ^ orchnary line^ 

7: , ■’'* 
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18 , by Sayre b method or by a Hey Groves splint There is 
remarkably little disabflity after reifloval of large portions of 
the clavicle Fractures of the scapula not associated vnth a 
chest TTound or 'with an mjury of the upper end of the humerns 
and shoulder joint are so tmcommon that no special mention 
need be made of them, 

FEiCTUllES OF THE HUMERDB WHKHE THE SHOULDER JOINT 
IS nWOLV'ED 

Here one pomt is of special importance m a considerable 
proportion of these cases the projectile may have entered the 
chest cavity and this ahonld be suspected ■where only a ■wound 
of entry is present For first aid treatment nothing more is 
needed than a bandage fastening the arm to the side and a sling 
At the casualty clearing station, after eiasion of the wound 
and treatment of the jomt cavity bone fragments are removed 
as conservatively as possible since a fiafl jomt is of mnch less 
value than a jomt ankylosed m a good position. Provided the 
situation of the wound allows it a Thomas splint with an eiten 
Don 18 the most useful for transport purposes Where the ■wound 
u too ertensire to admit of the use of the Thomas splint the 
patient can usually be transported m comfort ■with the arm 
bandaged to the side 

At the base, fixation of the arm m on abducted poaitioa ■with 
extension is essentiaL The extension may be taken by means of 
strapping applied just above the elbow or by means of a pm or 
▼ne through the olecranon, the forearm bong flexed at the elbow 
and aluug from a Balkan beam by this latter means movement 
of the wnat jomt and elbow jomt u possible As ankylosis is 
®hnost inevitable m cases of severe comminntion the optimum 
position should be aimed at from the first — that is, abduction 
to 00 degrees with a few degrees of external rotation and ■with 
the elbow slightly in front of the coronal plane 

FRAoruREa Of shaft or huiierub 

Usually these wounds are associated with considerable com 
ininution of bone and m many instances mjury to the musculo- 



74 WAR WOUNDS AID AIK. KAD C^SUALTIES 

spiral nerve or brachial artery In the front area, after applying 
a dressing, the hmb may be bandaged to the side, the forearm 
bemg supported by a shng or bandage , this method is applicable 
to most cases, except those fractures ]ust above the elbow-] oint, 
for which a simple sphnt such as an internal angular is desirable 

At the casualty clearmg station the wound is excised m the 
routme way, careful exammation for nerve mjunes havmg first 
been made For transport to the base a straight Thomas sphnt 
IS usually satisfactory, but it must be remembered that this 
method does not as a rule give satisfactory alignment m fractures 
of the lower third when the forearm is extended, and it should 
only be regarded as a temporary measure At the base the 
straight Thomas sphnt may be retained to support the upper 
arm, extension bemg obtained by pm or wire traction through 
the olecranon and the hmb bemg slung from a Balkan beam in 
an abducted position with the forearm flexed This method 
allows of free access to the wound and good alignment of the 
fragments, and, further, finger, wnst, and elbow movements 
may be started at an early date As soon as the condition of 
the wound allows the hmb may be put on a bent Thomas arm 
sphnt, which allows the patient to be up, or a plaster-of-Pans 
sphnt may be employed 

Fractures involving the elbow-joint — These are commonly of a 
severe nature, with much bone m]ury and often with associated 
nerve-trunk mjunes In the forward area an internal angular 
or Jones mterrupted arm splmt should be applied for transport 
At the casualty cleanng station the wound is treated m the 
ordmary way , small detached fragments of bone are removed, 
but great care should be taken to preserve as much bone as 
possible, and especially the olecranon process The joint cavity 
IS then irrigated and closed by suture of the capsule or by the 
use of fascial flaps For transport to the base a straight Thomas 
sphnt with an extension, the hand bemg m full supmation, is 
the most smtable method 

At the base the straight sphnt should be used for a hmited 
period only — not more than fourteen days — oiving to the diffi- 
culty in obtaining flexion subsequently if the arm is kept extended 
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for too long a Jones interrupted arm splint may bo used or the 
hmb may be supported without spbnting on pillows the forearm 
being fleied to a right on^e at the elbow Ankyloais or greatly 
restneted mo^erQcnt i* almost incntablo the limb therefore 
most bo put m the most useful position at as early a date as 
possible In most cases flexion to 76 degrees with the hand 
midway between pronation and supination is the optimum 
position Formal excision of the joint is rarely called for, but 
may be necessary m bc\ ere infections to save the limb 

FRACniRES OF FORFj^RM 

One or both bones may bo mvoUed mnsclcs and tendons are 
often severely damaged and 001^*6 injnrv is not uncommon 
The preservation of a useful limb therefore presents verv con 
Biderable difficulty For transport to the casualty cleanng 
station immobilization on a straight splint supporting the hand 
as well as the forearm is snffiaent At the casualty cleanng 
station, after the routine treatment of the wound bone fragments 
especially those dnven into muscle should bo removed It lb 
better to leave a large gap between the bone ends and a wound 
that heals readily than to leave small fragments of bone which 
inevitably necrose and delay bcabng for months The gap can 
subsequently be filled by bone grafting which was earned out 
successfully in many of these cases Repair of divnded nerves 
snd tendons should bo effected if posaiblo though this is not 
often the cose 

For tran^rt to the base a straight Thomas splmt with a 
strapping extension the forearm bemg m full supination is the 
best method At the base the straight Thomas splmt may be 
used for the first fourteen days, after which time a bent Thomsa 
splint may be appUed Plaster of Pons, though of value later 
18 not very suitable m the early stages owing to the difficulty m 
controllmg the fractured bones without extension 

FBACnJEEB OF WBIOT AND IIAKD 

Wounds of the carpus are often explosive in type with a large 
exit wound and with great damoge to tendons the wnst jomt 
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is commonly involved In the fonvard area, after dressing, a 
simple flat splint is applied At the casualty clearing station, 
when the wound has been excised, the carpal bones are carefully 
examined, and any that are badly comminuted are removed 
Closure of the capsule of the wnst-]Oint is usually impossible, 
and the woimd cavity is best 2 >acked voth gau/e smeared vnth 
petroleum jelly Primary amputation should only be carried 
out vhere tendons, vessels, and nerves have been completely 
destroyed 

Spbnting of wrist-jomt injuries vuth extensive woimds is diffi- 
cult, but for transport to the base a simple flat sphnt extending 
from the roots of the Angers to the elbow-joint is generally ade- 
quate At the base, pro\oded healing is proceeding satisfactorily, 
the hand and wnst should be put on a Jones cock-up sphnt or 
in plaster the vuist being dorsiflexed On the whole this type 
of wound gives poor results, but even if partial use of one finger 
and the thumb can be obtained this is better than any artificial 
limb 
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B\ ST J D BUXTON, MB BB , F R C S 

Dubcco ttc last 'war it »ooa became clear that no effort should 
be spared to find any method of treatment that would le^n 
the permanent dram upon iho nation caused particularlv by 
gtmshot wounds of the lower limb General principles became 
established, and of these perhaps the most important was the 
early operative treatment os the onlj means of nioidinp those 
terrible aeptic compbcationa that are the cause of the majority 
of bad rmlta. Hence the renUy important surgery is done if 
possible at casually clearing stations and not at the base But 
the responsibility of those concerned with the after treatment is 
uot kss than that of the operator Ob\nouM> Uio title of this 
Ittrture mcludes many injuries occurring m timet of peace The 
treatment of these will not differ m times of war excepting that 
prater delay m transport is liable to occur and csTicuation wall 
^^oorasitate chongmg tbe patient s doctor probabh se\ oral times 


FIBST AID TnEATMCKT 

One cannot escape the impression that those who Burvi\o a 
bombardment such as la now postihlo from the nir may rccciio 
wounds of greater seicnty than the average wounds Bustoincd 
1914-18 "W ounda of the soft pntta mav be so alight that 
injured can hobble to an aid post, or so io>cro that traumatic 
ockia senoua. In fact, an extensive injury or multiple wounds 
the thigh may bo accompomcil hj as much Bhock. ns witli a 
™ctured feninr or mutilated leg Ilacmorrhngo will aggravate 
a condition 


md pori or immediate treatment will consist aomctiinca 
eahng with haemorrhage and always m the application of a 
(first-aid or shell) Imrocdinto evacuation of the Bovoror 

77 
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appear normal and when there is no swelling or lymphatic 
mfection This state may last for twelve or twenty-four hours, 
but seldom longer Durmg this period large incisions, with the 
removal of foreign bodies (such as clothing) and projectiles, are 
not dangerous After this time similar mcisions, particularly in 
muscle, will lead to an aggravation of local and general signs 
and usually septicaemia 

After clmical and radiological examination the patient is 
anaesthetized and an extensive area of skm shaved and cleaned 
If the wound is of soft tissues only, and can be excised without 
damage to blood vessels and nerves and without makmg a very 
large wound, this should be carried out , it may be possible in 
the gluteal area and on the outer side of the thigh, but seldom 
m the calf If incision cannot be done, the skm edges, under- 
lying fat, and maybe aponeurotic tissue are excised and the 
opemng of the wound or wounds enlarged in the long axis of the 
limb The operator has to use discretion with regard to the 
extent of removal of contused and dirty muscle in the course of 
the wound All foreign bodies should be removed if possible, 
particularly from the thigh and calf Search for a piece of 
clothmg just distal to the portion of projectile should never be 
neglected Rough treatment of the tissues is to be avoided 
Haemostasis is important, and extravasated blood in buttock, 
calf, and thigh must be removed Time is undoubtedly wasted 
m a large muscular area in trying to extract many pieces of a 
projectile such as a hand grenade In such cases the larger 
wounds are dealt with alone 

At this stage no counter-openmg for drainage is made The 
wound IS washed out — my own preference is for spirit if available 
— and then the smaller wounds are paclced loosely with gauze 
wrung out in 1 in ] ,000 solution of flavine In the larger injuries 
Imt smeared ivith petroleum jelly is applied to the edges of the 
wound, Carrel’s tubes are inserted, and gauze packing is placed 
at the orifice The details of this technique liave been described 
m another paper, but stress may be laid on the correct method 
of placmg the gauze at the orifices, and not between the deep 
narts of the wound and the tubes (Fig 2) — an aU-important point 
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m treatmg the thigh The instHlatioii of Dakm • solution soon 
becomes standardued in a hospital dealing "with many ■wounded 

TrratmfJit v^ien Fradure or Join/ Laton Extits 
The prehminary treatment is that just described The incisions 
are mode by preference on the ant43nor aspect of the thigh or leg, 
so that the irrigating fluid come* m contact with the bone If 
a counter-opening is made the fluid runs out and much of the 
objective of the Carrel method is lost. In the case of the femur 
it IS important to mahe the mmsion of sufficient length to allow 
imgation of every portion of the fracture and to puck the wound 
at the openings ao that the muscnlor mass does not fall together 
This 18 aided by large mbber tubing three ctntvmetrta in diameter 
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Fn 2 — SbovioB tntradoctkai of OurtFi tobn Into voundf of 
lUgh. Oftnxs puiKB ^ p\*red owitcUv at opening of votmds b3 
(A) •whereu tn (B) they tre vronglir pinced between Cirteri tobM 
tnd ibe Toond kuiuq. 

The removal of bony fragmenta which ore loose or nearly so 
IS important. Small fragments khonld bo eitxaoted partioalariy 
when m muscle here m the presence of mild infection they 
cause suppuration, which spreads rapidly both in the thigh and 
m the calf I<irge fragments usually have some periosteal attach 
ment. They should be left in the thigh and leg unless drainage is 
obstructed If articular cartilage is on a large piece the piece 
should be removed otherwise the jomt 'will (‘ertainly bcc»me 
infected Rarely such a fragment acts as a foreign body Even 
if only one-third of the circumference of the bone is left new bone 
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tiasufe b© ablated- Im^tioTi of these wcrmidfl is 

employed. 

Before leaving the technique of operative treatment, the 
pfManbilitaftH cf Secondary sotore consequent on prunary exosion 
and sterilmtion by the Carrel Dakm method should be con 
sidered. Unnng the war 'wdien conditaons allowed, the extent of 
the infection was tested by the penodio estimation of ‘ organisms 
per field When only one or two organisms were present per 
field on subsequent days, eecondarv entnre with a few t h i ck 
rilkwoTm-gut sutures was employed. Naturally this was im 
posable at times of preasure and was generally mterfered with 
by transportation of the patient. 

Fig 1 18 reproduced from the British Bed Cross Society s FtrU 
Atd Manual by kmd permission of the publish era 

VEACTTmED TKUtTB 

In 1917 Martm and Petne made some valuable observations 
with regard to infection, of bones dne to gunshot wounds Then 
oondasiOTis can be bnefiy comtoamed aa follows 

1 Prom the surface of a dinded or fractured bone exposed to 
infection bactena mav penetrate to deeper parts. 

2 In an untreated fracture penetration IS apparently unhmited. 

3 If the dead bone on the soiface of the fracture is removed 
early penetration is much reduced and may not occur at all 

4 Penetration purticulariy of anaerobes, is greatly mcreased 
by reduction of the circulation through the injured bone 

6 Penetration is mcreased by obstruction to drainage either 
of the bone or of the soft parts 

6 The order of frequency and power of penetration of the 
bactena found is (a) streptococcus, (6) staphylococcus, (c) 
anaerobes, (tf) B eoli 

7 The rate of penetrabon is at its msxunnm dnnng the first 
few days. 

8. Brmsing — an mvanahle accompaniment of projectile frao- 
ture— does not appear to facilitote penetration if the surface 
layer of debus is removed and drainage established. 

9 In a septic fissure growth of bactena is progressive and may 
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lead to mfection of a distant part — for example, a joint Dis- 
semination of infection tlmougliont a lione takes place by pene- 
tration from tbe ivalls Little beyond the consideration of these 
findings m relation to tbigb wounds will be necessary to under- 
stand why gunshot wounds of the thigh were a menace during 
the wan 

Efficient drainage was mvanably made difficult by the lacera- 
tion of the muscles m addition. ]\Iany patients arrived at the 
operative centre m a condition of shock, owing to the extent of 
the wound or multiple wounds The emplojment of the Thomas 
splint as a first-aid measure in these eases is to be encouraged 

The treatment of a gunshot wound of the thigh with fracture 
of the femur consists of : (1) The operative treatment of the 
wound and fracture, which has been descnbed. Anti-shock 
treatment before operation will generally be necessary. (2) 
Peduction (3) Immobilization 

Reduction and ImmobUizaiion 

This is almost invariably realized when the “ operation ” is 
over, or at least it is facihtated. Often it consists in unmobihzmg 
the hmb in the physiologically correct position ; in any case, 
prolonged extension always gives the result desired. In post-war 
surgery it was not osteotomy for angulation that was necessaiy, 
but sequestrectomy for necrosed bone or graftmg for non-umon. 
Gradual reduction by weight extension is always desirable , and 
before discussmg the technique it is not out of place to point out 
that any method of forcible reduction by stopping periosteum, 
the use of large bone-holdmg forceps, and internal fixation by 
chandlery-bolts screws, plates, etc , is likely to be followed by 
disastrous comphcations 

British surgeons employed Thomas’s splints, when possible, 
and a weight or fixed extension apphed to the skin by adhesive 
strappmg or a non-imtatmg glue. Laced boots and plaster 
gaiters had a tnaL Transfixion nails and metalhc loops ^the 
latter passmg between the tendo Achilhs and tendons at the back 
of the ankle — were employed by the Italians and French. In 
fact, skeletal traction was first advised by an Itahan ph^’sician 
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The Bntiflh method produced redaction and caused no complica 
tion unless it was over traction m some cases but frequent 
soiling of the plaster was inevitable and constant renewals 
became necessary Apparatus aronnd the anlde became more 
popular, and the footpiece glued to the foot, devised by Sinclair 
bad many advantages. The glue ’ consists of 60 parte ordmary 
^ue 60 parts water 2 parts gjycoim, 2 parts calcium chlonde, 
and 1 part tbymoL The mixture is sterilized It can be used for 
extension bands by applymg gauze stnpe after pointing the shin 
with glue or to fix a wooden footpiece to the skuL This is 
mentioned m some detail, for many surgeons doubt the advisa 
bflity, and poasibihty of uamg Steinmnim s pins or Kireohner’s 
wires, which are familiar to all now m every case of gunshot 
wounds of thigh or leg That they would be used extensively 
there is little doubt, but with what success cannot be foietoli 

Hunng the great war the standard splint for large flesh wounds 
of the thigh with or without fracture of the femur was the 
Thomas It IS often couvemont to bend the side irons at the level 
of the fracture or the knee In theory this does away with the 
exact method of extension but as a means of fixing the ftacture 
and acoessibility for dressmg it has no supenor Fixed oitension 
will bo used m transport and in some coses m bospitaL Weight 
extension can be employed by one of the two recognized methods. 
Shngs are probably better fixed by large safety pins than by the 
simple clip which is mclmpd to slip The latest clip is not likely 
to be available in large quantity In certam cases of multiple 
wounds the splint is used only as a supporting trough The 
Hodgen splint m still used by some surgeons. 

In severe mjunes the limb can be slung from an overbed beam, 
after the o riginal method, described as the Balkan beam. In 
hospitals away from the hne apparatus to sling the Thomas splmt, 
such as beams with pulleys or Pearson s fracture bed is available- 
The latter can be used m a number of ways, with or without a 
mattress the limb can be extended without Bphnting, if neoea- 
sary and the back of the hmb can be dressed from below 
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FRACTUEED LEG 

Treatment for wounds of the leg is on the same hues as that 
of the femur Plaster of Pans is to be avoided durmg early 
treatment, but may be smtable m slight cases after a few weeks 
In the early stages the extent of sweUing subsequent to the 
operative treatment cannot be gauged. It is bkely that skeletal 
traction will be used by pm traction through the os calcis, par- 
ticularly as it has met with such success m open fractures durmg 
the last twenty years Over-traction by too great a weight will 
lead to separation of the fragments, which is to be avoided The 
non-umon of the tibia seen after the last war necessitated many 
bone grafts, and them number will be multiphed unless thought is 
given to this matter when skeletal traction is employed 

The question of secondary suture of leg woimds does not apply 
as m open fractures due to road accidents Braun’s frame is 
the ideal for these fractimes rather than Thomas’s sphnt It is 
m frequent use now, and everyone who may be called upon to 
do this work should become famdiar with it 

INJUBLES OF TBE FOOT 

Conservative treatment should be employed as far as possible. 
Incisions on the sole of the foot may be necessary, but should 
be avoided Amputation of toes that are only adherent or are 
gangrenous may be requmed Those through the middle of the 
foot at the site of a woimd are not bkely to succeed, as infection 
spreads up the tendon sheaths For urgent surgery an amputa- 
tion through the lower thmd of the leg is advocated for severe 
mjunes of the foot This may be a useful stump, and if reamputa- 
tion IS necessary later the standard leg amputation with a five- 
mch to seven-mch leg stump is possible 

m JURIES OF THE JCNT3E- JOINT 

A punctured wound such as that due to a bullet or a small 
shell fragment, causing haemarthrosis only, is rare, but responds 
well to treatment There is a synovial wound only m this case 
More common and senous wounds are as follows ’ 
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INJURIES OP THE miB 

1 SmaU or Moderate nzcd D'oi/nds tfiM Fradure of the Knee 
tnTOlnn^ the Joxnt viih the MwUe tn sUu — Theae produce a 
dangeroufl condition oimg to tte presence in the joint of septic 
parbcles of clothing, earth eto and owing to the existence of 
fissures more or less prolonged into the shaft of femur or tibia 
■whence anses a formidable ostcomyeUtts (Fig 3) Unless there 
18 mtervention death ensues m two-thirds of the cases from gas 
gangrene or articuhir septicaemia 

2 Fraetiires of the ^nes forming the Knee-goinl due to Pene 
tration of a Condyie.— These fractures are often followed by 
acute septic arthiituu If the patient is not earned off bv acute 
septicaemia he is liable to suppurative arthritis to deep diffuse 
c^uhtia of the thi^ and to secondary haemoTrbage from the 
popbteal vessels In short, if mtcrvention li not practised at 
once amputation soon bcccmts necessary and only too often it 
IS unable to save the patients life This is exemplified by 
numerous specimens m the war collection 

3 Desfrudion of the Knee, — Complete crushing of the jomt is 
usually accompanied by fissures extending the length of tho tibia 
and femur Cdten the vesseb and nerve* art damaged* Shod, is 
considerable Gongrene quickly develops with the formation of 
gas and fetid sloughs if not true gas gangrene 

Thempeidio hleasvres 

In short, apart from the first typo of injury wounds of the 
knee are of extreme gm-Tity if they are left untreated m the first 
few hours. It is necessary to act at once, and to be beforehand 
m deahng -with whatever may bo happening Tho measure* 
availahle are 

1 Immobihiation with or without aspiration. This is smtablo 
for the first type. Repeated aspiration may be required. 

2 MoreusnsHy m the first type, primary erosion of the wound 
or edges of akin, nndeiiying tissues, and synovial membrane u 
made — the jomt is washed out by some — and this jomt limng u 
then sutured, but tbe overlying structures are left open. Immo- 
bfluation is essential and subsequent aspiration may be em- 
ployed. 
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Fig 3 Loirer half of fenmr removed by amputation for Btrep- 
tococcal arthntiB of knee seienteen days after mjury Longitndmal 
Bwtion of bone, inth fissure opened out to show contmuity of pus 
from fracture to articular cartilage A, Fracture A^, Fissure ex- 
tmdmg to ji^t Fig 3 is reproduced fr^m the Bnhth Journal of 
Surgery (1917, 5, Xo 18), by kmd permission of the editor and of 
the publishers 
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3 Arthiotomy tvitli or -without erosion of the wound- This 
treatment differs m no way m ita application or technique from 
that of civil practice, 

4 Posterior drainage is unsatisfactory 

5 Arthrotomy followed by active movement. This ongmated 
m Belgram m Bntiah hands it -waa not a succeas, 

6 Pmnary erosion of -the knee is not practised by British 
surgeons for suppurative conditions, 

7 Amputation is required in gross disorganisation as a primary 
measure m suppurative artbntis before or during septicaemia, 
and in severe leg mjunea extending mto the knee-joint. 

Primary amputation is indicated if the condyles and shaft of 
the femur are spbt up and there are fragments as high up as the 
middle of the bone because the risks of infection -with so much 
loss of substance are considerable The prognosis of most of 
these amputations is always grave Pre-operative transfusion 
IS valuable and the mortality is lower in the primary amputations 
than m those where delay has been menmd. 

The conclusioas are therefore (a) for articular bullet wounds 
employ simple immobiUiation with aspiration or primary excision 
(6) for foreign bodies m the jomt arthrotomy and immediate 
extraction (c) for fractured patella, exosion (d) for extensive 
injury espeaally -with -vascular mjory amputation. After all 
operations on the knee the first dressing should be dela-ved and 
the temptation to insert a drainage tube be avoided No one 
with a wound of the knee (except the simple perforatrog bullet 
wound) ought to be evacuated without surgical exploration- If 
there has been an arthrotomy evacuation should be delayed 
until the twelfth day For the transfer the limb should be 
immobilized preferably m a postenor half-gutter plaster or an 
interrupted plaster It is better if the journey should be of less 
than twelve hours duration 

Wounds — These are often so extensive that ampu 
tation IS indicated- When the fracture is limits to one bone 
treatment on the pnnaplea advocated may be earned out 
Exemon of the astragalus when it is m pieces may help towards 
jomt dramage 
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VESSELS AEE NEIl^^ES 

I lave made little mention of injuries of these important 
structures, chiefly because others are deahng with them It is 
pertment to pomt out that sciatic nerve sutures are often required 
m post-war surgery, but httle vascular surgery is requued at 
that date All wounds of muscle and bone comphcated by 
vascular mjury must be classed as grave if a large blood vessel 
is mjured Secondary haemorrhage is seen far more frequently 
than in civil practice owing to suppuration In the thigh and 
calf (from the posterior tibial) it is senous, and often necessitates 
amputation Penetratmg wounds of the gluteal region are hable 
to secondary haemorrhage This appears to be less common if 
the wound is opened up as a primary measure If it occurs when 
no operative measures have been undertaken and there is an 
entry and exit wound, the operator should have no hesitation 
m jo inin g the two wounds Ligation of the mtemal ihac is to be 
avoided. 

Amputations — These are also dealt with elsewhere, though I 
have frequently mentioned these operations Amputation of 
the middle or lower third of the thigh is requued only too often , 
the operator will be in doubt as to the advisabrhty of closing 
such wounds In primary operations six silkworm-gut sutures 
will often form an excellent closure and save pam m dressmg 
As a secondary measure this is often unwise In preference to 
the guillotme operation, s kin flaps may be cut and stitched back 
Carrel’s tubes may be placed over the muscular mass for a few 
days, and then the skm flaps freed and allowed to drop over the 
end of the stump 

Reteeekces 

British Red Cross Society, J’trsi Aid Manual (1938) Cassell and Co , London 
Carrel, A., and Dehelly, G (1917) Le Traiiemenl dis Flaxes Inf aUees ilasson 
et Che, Pans 

ilartm, E K., and Petne, G F. (1917) Bnt J. Surg , 5, 292 
Boyal Army Medical Corps Training Manual (1933) London. 



PRmcrPLES OF TREATMENT IN GUNSHOT 
■WOUNDS OF JOINTS 

By CLAUDE FRANKAU CBE DS 0 . MR, FRCS 


Jy you conaider the vanoaa jointa m the body it will be deer 
that a joint comprmng a sm^e simple sac is uncommon. Most 
jointa eiie comi^ex and are divided more or le» completely mto 
comportments. This arrangement tends to Vnmt infection from 
injury for a tame and also mates efficient sterilisation of the jomt 
cavity by nngation more difficult The synovial membrane n 
much, more resistant to mfeebon than is usually thought this 
reostance ts due m part to the synovial exudate, which appears 
to be bactcnadal, and partly to the nature of the epithebum 
Iming the joint. Injury to the epithelium by the use of strong 
antiseptics, ether etc is therefore to be avoided in the treatment 
of injunes. A secondary result of the changes in the character 
of the synovial exudate m infections is on alteration m the 
cartilage covermg the bone ends forming the joint. Thecartilago 
18 partly nounshed by the synovial flmd and if this is grossly 
affected the cartilage swells softens and tends to flake away or 
become easiiy eroded if submitted to preasure. 


FIRffl U£A0U££a 

The recognition of these points is of great importance m both 
treatment and prognosis of jomt wounds. In the forward area 
a simple dressing should be nppbed and the jomt shonki be 
munobihied by bandagmg to the trunk or by splmtmg nothing 
further should be attempted until the patient reaches the casualty 
clearing staban Here all cases should be regarded as urgent, 
and operation should be earned out as eoon as possible. An 
X ray examin ation should be made to identify the presence of a 
retained muwfle and to estimate the degree of bone mjuiy 
01 
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Accurate localization of metallic fragments by stereoscopic or 
other means is of great value 

The skm is stenlized over a wide area and the wound is excised 
down to the openmg m the synovial membrane In most cases, 
if there is a retamed foreign body, a wider openmg of the jomt 
IS necessary or a separate mcision may have to be made. If this 
IS the case a fresh set of towels and instruments, etc , should be 
used After removal of the missile the ]omt is freely ungated 
with salme or 1 m 2,000 flavme solution to remove fragments of 
clothmg, etc , which may have been driven m, and to cleanse the 
jomt cavity so far as is possible The jomt cavity is then closed 
by suture of the synovial membrane and capsule of the jomt m 
one layer with mterrupted catgut stitches This may present 
difficulties m extensive wounds, but it is usually possible to mobi- 
lize the synovial membrane to some extent and so allow of suture 
of the openmg, or fascial haps may be employed to cover defects 

The late Captam John Campbell suggested the use of the 
olecranon bmrsa to fill m a gap m the synovial membrane of the 
knee-jomt, and, actmg on his suggestion and with his help, I 
apphed this method m three cases If it is impossible to close 
the synovial cavity, as may occur especially m the tarsal jomts, 
the openmg should be firmly packed with stenle gauze smeared 
with petroleum jelly , this acts as an effective seal and promotes 
local adhesions which close the jomt Where the jomt has been 
effectively closed the soft parts may either be sutured if the case 
has been treated early, or left for secondary suture if doubts are 
felt about the efficient stenhzation of the surface woimd , m 
this case a hght pack of flavme gauze (1 m 2,000) is the best 
form of dressmg After the apphcation of dressmgs the jomt is 
immobilized with extension on a smtable spbnt tmmobthzulion 
with extension is of the greatest importance, and must never he omitted 
Cases should be retamed m the casualty clearmg station for five 
to seven days if circumstances allow 

TBEATHIENT AT THE BASE 

At the base it will me^ntably be found that m times of stress 

a riTimlipr nf -nn+iprifR -ml) amvp. TVith mint; wnunds whlch haVC 
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not been operated on m the forward Jirea Some of these can be 
operated on vn the way already indicated ottheia m which frank 
i^ection IS evident mnst bo treated by methods to be described 
later 

On aroval of a case that has been operated on the splint and 
extension must be ad 3 nsted or reappbed and the condition of the 
patient mnst be carefnlly reviewed Adverse symptoms are pain 
nnreheved by readjnstment of the spUnt, pyrexia raised pulse 
rate, insomnia and loss of appetite, Adverae local signs are a 
dry and sloughy condition of the external wound marked effusion 
into the jomt oedema of the limb below the joint and extreme 
pam On the sli^test movement If these symptoms and signs 
are absent or abate with rest and edeqnate extension, movements 
may be allowed after the wound haa been soundly healed for a 
week, provided there is no gross bony mjury ilovementa should 
be active and not passive and mnst be very gentle at first Any 
reaction following movement is an indication that farther rest is 
essential. Major Evertdge e appaiatns m the case of the knee- 
]omt IS of great value in assietuig early immobihxation of this 
jomt In an uncomplicated wound of the joint with no gross 
bony mjary and healmg kindly fall restoration of function 
should be obtamed m from tix to mne weeks 
If pam, pyrexia and effusion pemat or anse after operatioii, 
aspiration of the )omt must be performed at the most convenient 
spot, Gas-and-oxygen is preferable to local anaesthesia owmg 
to the risk of infectmg the ores infiltrated with novocam. As 
much fluid as possible is withdrawn and retained for bacteno- 
togical examination. The naked-eye appearance of the exudate 
vanes with the degree of infection (a) infections show a 
yellow fluid with flakes of lymph (fc) in more severe mfeotiona 
the fluid u turbid (c) m advanced cases the flmd may be ob- 
viously purulent A stained film of the exudate is of value if an 
immediate d iagnoais is needed before cultures can be made 
Preponderance of mononuclear cells with few organisms which 
stam poorly suggests a mild or recovering infection. V.rr*** of 
polymorphonuclear celh and large numbers of organisms are of 
grave significance Bacteriological examination may reveal any 
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tjqpe of organism gas-formmg organisms, staphylococci, strepto- 
cocci (non-haemolytic or haemolytic), etc , the most dangerous 
organism is the haemolytic streptococcus 

If improvement follows aspiration it may be repeated at in- 
tervals of twenty-four to forty-eight hours , if no improvement 
results after forty-eight hours, or earher in the case of the haemo- 
lytic streptococcus infections, more active treatment is necessary 
The ]omt must be opened freely and be gently irrigated with 
1 m 2,000 flavme solution The wounds are subsequently left 
open, the ]omt being covered by a volummous dressing and 
adequately sphnted The mtroduction of dramage tubes into 
the joint IS to be avoided, as they do more harm than good, and 
I am not m any way convinced that the Carxel-Dalon method 
of treatment is of any value m these cases Provided the general 
symptoms abate nothmg further need be done , ankylosis is 
almost mevitable, and the limb must be kept m the optimum 
position for this 

If pam and fever persist amputation is indicated, and must 
be earned out before the patient has gone too far downhill A 
special mdication for amputation is spread of the sepsis outside 
the jomt cavity mto the surroundmg muscles Excision as a 
means of eradicatmg sepsis m an infected joint is unsatisfactory 
m the larger jomts oivmg to the shock of the operation In the 
smaller jomts, such as the elbow, the free removal of bone frag- 
ments may assist dramage and conserve the lunb, but no formal 
excision should be attempted 

The followmg table gives the results m a small series of cases 
m which treatment by primary excision and sutxue of the wound 
was used 


Wounds of Joints imthout Gross Bony Injury 


i 

Cases 

Healed 

Hailed 

Knee-jomt - 

16 

14 

2 

Shoulder 

4 

4 

0 

Elbow - - - 

! 18 

16 

2 

Ankle - - - 

7 

5 

2 

Totals 

45 

39 

G 



AMPUTATIONS UNDER WAR CX)NDITI0NB 

By C max page, DR O FR.0 S 

Pheeb was a tnne when amputations formed the major part of 
war g nr g er y and they atill represent a very important seotion 
of this work. In the pre-antiseptio period gross soppumtion waa 
the rule and the art of the hmb-mater was but poorly developed- 
In consequence the experience and methods of the older surgeons 
have but httle bearmg on our practice to-day The mtenaive 
experiences durmg the great ^^ur and the subsequent study m 
this country of some fifty thousand amput^a under the Mmistry 
of PenaionB authorities have provided us with evidence from 
which we were able to mould our cunent practice ^Ve have 
expenmental evidence, both in regard to the teohmque of ampu 
tations and as to the value of stumps of vanous types. It may 
be admitted here however that the problems of the phantom 
hmb and the development of pomful nerve bulbe remam to be 
solved. 

The indications for amputation cannot be considered m detail 
m this paper The decision will always rest on the judgment of 
the mdmdual operator Some general observations, however 
on the factors which govern this important decision will not be 
out of place In the pre-antiseptio days any compound fracture 
of a hmb due to a missile was regarded as an mdication for 
prompt amputation. Under modem condibons this is by no 
m e ans the case and primary amputations m the war were only 
earned out when there was gross injury not only to the hone 
but to the soft parts as welL In the case of mia^e wound* of 
the bwer limb particularly those below the knee-jomt level I 
cannot help thinlang that our optimism m regard to conservative 
treatment earned ns too frir Anybody who worked m a pensions 
hospital for five or ten years foUowmg the war must have been 
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struck hj the large numher of compound fractures which required 
surgical treatment over a penod of years The end-results may 
sometimes have been brilliant More often they left an indifferent 
hmb, which remained liable to break down at intervals under 
stress The result in this class of cases should, in my opinion, 
be considered not only in relation to the wound treatment but 
to the general effect on the mentality of the patient Long 
hospitalization and repeated operations ■will disintegrate the 
mitiative and enterprise of any but the most robust constitutions 
I believe that a primary amputation should be carried out in 
those cases m which, from a missile injury, comminution of the 
bone 16 such that prolonged bone infection and delayed union 
are likely to occur, especially in those instances where the damage 
IS done in the lower half of the leg I do not think the same 
attitude towards compound fractures of the upper hmb is justi- 
fied In the lower limb a good stump in which suppuration has 
not occurred can be early fitted with a most satisfactory pros- 
thesis In the arm nothing can replace satisfactorily the loss 
of the hand 


GBKEnAL FRJNCJrLES OF AMFUTAIION 

The pnnciples which should guide us in carrying out an ampu- 
■tation %vill vary according to Avhether section is made through 
infected tissue or whether first-intention healing can be antici- 
pated When dealing with the latter state of affairs the result 
obtamed should be a final one, and great care should be taken 
so to carry out the primary operation that the stump may be 
durable and suited to the modem artificial hmb I will now 
consider the general technique of amputation under the headings 
of flap formation, section of bone and nerves, and control of the 
major blood vessels 

Flaps — If the nutrition of the flap be the first consideration 
the simple circular flap is roost satisfactory in this respect In 
general, therefore, flaps should be planned on this basis. There 
can be little doubt that long flaps tend to be unsatisfactory from 
the point of •vuev of nutrition and inncn'^ation, although they 
may sometimes be employed with success d'hough the circular 
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flap m ita exact form may bo seldom used, it should remain the 
id^ of all flap deflign- In practice tbo circular flap will often 
be cut obbguely and vertical cuts may bo modo in it to maLe 
it mote manageable ■when the bulk of the limb requires iL Bueb 
Hide cuts will convert a circular flap into antcro-postenor or 
lateral ones of approxiniatcly equal size The total length of 
flap cut, whether circular or not, as measnred on two opposed 
aspects of the bmb should not exceed m length a diameter and 
a half of the limb at the level of section. Fasaa and nmsclo 
ihould only be mcluded m the base of a skin flap so for as is 
necessary to mamtam its nutrition. In the final stump muscle 
and fascia, owing to their wasting and shnnkage arc not present 
at its termination nor is their presence desirable The end of 
a stump which is to carry on artificial limb should bo covered 
by skin and eubcutaneous tissue that is just mobilo on the 
healed bone. The termination of a stump should be tapered 
and not bulky The etrikmg exception to the modified opculor 
flap generally employed is particularly noticeable m the Syme 
amputation Some critical obecrvationa on this are made 
beW 

Bom Section — Bone should always be divided so as to give 
an even and more or less rounded^off end to the stump of the 
maxim um diameter pewibk Projection of a bono of small 
di a m eter Buch as the fibula is a very undearable feature m a 
stump Occasionally a good-sized artery is divided in the bone, 
and this can usually be occluded by crushing the bone on to it. 
Suture of muscle over the end of the bone is sometunea practio- 
able. Alternatively a small amount of bone wax may bo used 
I believe the employment of wax a* a routine to be unnecessary 
In order as for as possible to avoid the formation of bone Bpurs 
the penoeteum shonld be cleanly cut before the bone is sawn 
through and scraped away distally so as to expose the compact 
bone for section. 

Nerve Sedton — ^There is no means by which the formation of 
some type of end bulb can be prevented. Pam m end bulbs moat 
often occurs when suppuration has been present in a stump and 
when the cut ends of the nerve are so situated that they are 
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exposed to pressure. In larger nerve trunks the latter tendency 
can he avoided hy cutting the nerve an inch or so above the hne 
of section of the muscle I do not think severe traction of a nerve 
trunk; or very high section is desirable It is generally accepted 
that the nerve should be divided clean across mth a sharp knife 
after crushing. I do not favour hgatunng the nerve^ except so 
far as this may be necessary to control bleedmg In order to 
prevent postniperative pain the stump of the nerve may be 
injected mth 90 per cent alcohol before closmg the flaps Pre- 
vention of postoperative pain is most desirable m a sensitive 
patient its occurrence may veil be the startmg-pomt for the 
development of a painful and troublesome stump later 

Control of Major Vessels . — The old authorities advocated the 
isolation of the main vem or artery before ligature There is 
not much to be said against the practice, but it is possible that 
in infected cases the local upset in the blood supply may favour 
secondary haemorrhage I can say, from a practical standpoint, 
that the ligature of the two vessels together gives satisfactory 
results. 


JlMpuxahoxs ix pnESEXcm op sepsis 
If the amputation is through a septic field, or if there is active 
sepsis belov the hne of section to vhich the patient is shovuig 
little resistance, suppuration in the stump is to be anticipated 
Tti such circumstances it is most probable that the prunaiy 
amputation vill be folloved by a later final one. In this case 
the primary amputation ■vriU be designed so as to minimize 
the risk of spreading infection and to leave enough tissue 
for a satisfactory stump to be formed at the secondary ampu- 
tation. 

At one penod durmg the war the simple guillotme operation 
vas advocated. In the case of a virulent spreading gas infection 
this mav irell he sound practice In my opinion, however, in 
its crude form it is seldom necessary. The guillotme stump is a 
depressing one to the patient . it is painful for dressing, and is 
more liable to secondary haemorrhage than the more protected 
In these circumstances I advocate the use of a short 


Type 
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orcTilar flap the length of about half the diameter of the limb 
and cut ilightly obhquely ao that one flap overhangs the bone 
end. Fev if any Butum ahould be employed, and the cavity 
IS packed ■with paraffin gauiei. Thu pack should be left tn silu 
for four or five days or longer if the genertd condition u satis- 
factory 

Drainage — It ja customary to dram amputation wounds 
whether earned out under clean or septio conditions. “When 
sepais IS not present the drainage u merely to prevent the develop- 
ment of a haematoma and for thu purpose a rubber dam may 
be left in for twenty four or forty-eight hours. Some surgeon* 
prefer to dispense with drainage altogether m clean stumps but 
it 1 * certainly difficult to control oonng by pressnre m the loose 
■wound at the end of an amputation stump 

REGIONAL AJttlTTATIOVS LOWER ESTREinTY 

The ideal types of final amputahon may now be discussed By 
final emputaboQ u meant one earned out as a primary measure 
when healing by first intention u antiapated or when a second 
reomputation u earned out after the infective process ha* been 
controlled In. these circomstancee a durable stomp suited to 
the standard artificial bmb should be the aim In the lower 
extremity where prosthesis is of the greatest importance the 
most satisfactory amputations giving good functional result* 
are (1) the 8yme amputation (2) below knee seat of election 
(3) above-knee seat of eleebon (4) amputabou at the hip-joint, 
Amputabon at other levels for one reason or another may bo 
earned out, but none of them gives full funcbonal vnlne and 
some I think should be definitely condemned as other cnpphng 
or unlikely to stand long wear Into this group fall the Chopart 
and Lisfrano amputabons and below knee amputation* with 
more than •e'vun inches of bbia If the views and methods of 
the E ng l i sh bmb-maker be considered, any thigh amputation 
longer than ten mches mnst also be condemned. It is true that 
in Amenca and Germany the Stokes-Gntb amputabon is still 
considered to give a nsefol stiunp English experience however 
1 * not m its favour 
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The Syme Amputation 

The value of this amputatiou has heen the subject of a good 
deal of controversy, and I ■will limit my remarks on it so far as 
possible to observed facts If completed cleanly and neatly "with 
a firm 'well-fittmg heel flap it gives excellent service m children 
It provides a true end-beanng stump, "which is very convement 
at this level It "will carry an effective if not elegant prosthesis 
If the bone section is earned out at the classical level (a (Quarter 
to half an mch above the ankle-jomt) it does not allow of the 
fi'ttmg of an artificial limb ■with a sjnnmetncal anHe This 
objection is important "to women from a cosmetic standpomt, 
and is partly overcome if the amputation is modified by using a 
small heel flap and cuttmg the bone one mch above the ankle- 
joint level 

In men the average results of this amputation dimng the war 
were unsa-tisfactoiy. The Ministry of Pensions circulated in 
1934 an analysis of fifty-four Syme amputa-fcionB It was found 
that thirty-eight of these cases had imdergone reamputation 
between 1920 and 1933 In a group of twenty-two cases, mvesti- 
gated in relation to them dmahility, it was noted that only six 
took full end-bearmg for ten years or more The average penod 
during which end-bearmg could be tolerated was seven and a 
half years 

This failure of the Syme earned out under war conditions was 
put do'wn m about 25 per cent of the cases to the presence of 
sepsis at the tune of operation Displacement of a bulky end 
flap was another cause of trouble The development of callosities 
and ulceration, especially m relation to the antenor scar, was 
often noticed Painful nerve bulbs are as common and as trouble- 
some m this amputation as m stumps at other levels Nutritive 
disturbance from a poor cmculation was often met with. The 
above comphcations are sometunes overcome "without reamputa- 
tion by fittmg an artificial hmb beanng on the tibia or even the 
tuber ischu. 

I advocate the Syme m children, and it may be worth while 
m young men and women provided there is no sepsis It should 
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bo noted that in children thu ampuUtion involvea the removal 
of the lower epiphyaeii of tibia and fibula and eo affects Hubeo- 
quent growth of the stump At operation great care should be 
fpVfm to •mHmtAin foil uutation of the heel flap that flap should 
be shorter tbfln the classical form and the bone section should 
bo made about an inch above the anlde As many nerve* as can 
be recognized should be cut short m Ihe flape In the pteaenoe 
of sepsis and m the elderly the amputation is to be condemned 
It IS very unsatiH&ictoTy when obbcjue ireight-beanng is imposed 
by the presenoe of a bow leg 

fieZoic-jtnre Seat of Electum 

This amputatioo can now be clearly defined- Ideally the 
bone section should leave six mchea of tiba m the average adult 
and seven inche* m a taD pereon. The measurement is taken 
from the upper border of the tibia at knee-level Longer stumps 
give no increase m functional vnlu* and are hable to nutahonal 
trouble. The shortest below knee stump of functional value is 
about three inches. If less tibia than this must be left an abovn- 
knee omputatioti should be performed Tbe design of the flape 
for this amputatwn may often be goverupd by the conditaons 
for which it IS earned out. They should alwavs be planned with 
the idea of maintammg so far a* poesible good blood supply and 
a normal mnervatioru 

Abovo-knee Seat of Eledxon 

It n customary to measure this s tump from the crutch or 
puhio boue The ideal length is mne mche* for short and ten 
inches for tall patients. Qreatcrlengththanthishasnofnnctional 
value and impedes the fittmg of the best type of modem sym 
metncal Umb The sb orteot length of an abo ve-lcnee amputation 
that n of functional value m controlling an artificial limb la about 
three inches Less bone than this, however should be left as 
some bone in the stump fedbtates the fitting of a tfitmg table 
type of prosthcas. Modified otcular flaps amounting to appton 
mstely equal length ontero-postenor flaps give a aatiafaotory 
result and are generally practicable. 
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Ampulalton at the llip-joint 

This amputation is seldom earned out, and it is only necessary 
to advise that it should be planned to leave a convex and not 
a concave surface for the fittmg of a limb To this end, unless 
there is some contraindication, the head of the femur should be 
left in the acetabulum, the neck of the femur bemg sawn through 

AFTER-TREATMENT OF LEG AMPUTATIONS 
After above- and below-knee amputations flexion at hip or 
knee should be avoided The development of fixed flexion at 
either of these joints prevents limb-fittmg till deformity has been 
corrected The prevention of habitual flexion is particularly 
necessary m septic cases, where treatment m recumbency is 
prolonged The thigh or leg stump should lie straight while the 
patient is confined to bed, and when healmg has progressed far 
enough exercise of the stump should be carried out. As soon as 
the wound is soundly healed the stump should be prepared for 
the fitting of an artificial limb In the thigh a temporary pylon 
applied a month or so after amputation is a useful measure to 
this end In the leg this method is not so easily applied Active 
exercise, massage, and elastic pressure apphed to the stump will, 
however, reduce the oedema and render the stump ready for the 
fittmg of the final artificial limb m a month or so, 

REGIONAL AMPUTATIONS UPPER LBfB 
In the upper limb the prehensile value of the hand is irreplace- 
able by any prosthesis hitherto invented In consequence a 
conservative attitude m regard to amputations in either the 
hand or the arm should always be adopted When amputation 
IS decided on the determination of the ideal level for section is 
not so ngid as in the lower extremity I will, however, give such 
details as to useful levels for division of the bone as meet with 
general acceptance 

Forearm — Disarticulation at the VTist-jomt or bone section 
immediately above it gives an unsatisfactory stump, difficult to 
fit with a prosthesis The ideal is to retain six to seven inches of 
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the radius and ulna The minimum length of these hones "which 
allo"ws a good-fitting and useful substitute is from two to three 
mches If two mches of forearm bone cannot be left the patient 
"Will be better off "with a supracondylar amputation The flaps 
for amputations m this area may convemently be approximately 
circular. The central scar overlymg the bone, if mobile, is satis- 
factory m the upper extremily The mgemously de'vused so-called 
Idneplastic stumps have proved a failure Their mtention "was 
to use the forearm muscles mdependently to act on an artificial 
hand 

TJ'p'per Arm — ^Disarticulation at the elbo-w, hire similar opera- 
tions at the "wnst and knee, does not give a useful stump The 
best upper-arm stump is one m "which the humerus is divided 
some two mches above the epicondyles Any length of humerus, 
ho"wever, less than this should be left, if only for cosmetic pur- 
poses , anything less than four mches of humerus measured from 
the tip of the acromion cannot be fitted "with a useful artificial 
hmb. Even circular flaps are ideal for upper-arm amputations, a 
central scar bemg most satisfactory. 

CONCLUSION 

It may appear that the directions for lo"wer extremity amputa- 
tions are some^what dogmatic But I "would emphasize that they 
are based on the opmions of most of those surgeons and hmb- 
makers -who have had under observation the large amount of 
material pro"vided by the -war 

I "would hke to ackno"wledge my mdebtedness to the medical 
staff of the Pensions Mmistry for some statistical information, 
especially m relation to the Syme amputation I should also 
like to thank ]\Ir. Desoutter for valuable ad"vice on the best 
levels for lo"wer extremity amputations m relation to the fitting 
of artificial hmbs 



WOUKDS OF PERIPHERAL NERVES AND 
BLOOD VESSELS 

Bt PHILIP H lUTCmNER CBE MD . MJ8 FJLCS 

lx wai surgery it must be reelitcd Ibat svben injury affects either 
the blood veasela or the pcnphcml nerves the wound of the 
surrounding tissues which wiD undoubtedly accompany the 
injury most be taken into considomtioru The seventy of this 
wound will in many cases render unnecessary any doubt as to 
either the diagnosis of the extent of the injury to or tho treatment 
of any individual nerves and vessels. It cannot bo empbosued 
too strongly that prompt end thorough exasion of the wound 
track must be in all cases earned out In doing this the condition 
of ony damaged nerves end vessels may bo ascertained and such 
lesions as are present may be dealt with 

In wounds of pcnpheml nerves suture should be earned out 
m all cases pro\nded this can bo done without teiunou on the 
divided ends the limb most then be splinted so ca to support 
paralysed muscles m a position of relaxation 
"Where blood vessels ore injured they should as a general rule, 
be completely divided and bgatured above and below Attempts 
made to reconstruct the lumen nro dangerous and are likely to 
result m severe secondary haemorrhage should the wound become 
infected moreover the ultimate results of such a procedure 
are unaattafactory 


HraUBIES TO ITEaVES 

Wounds and mjnnes to the peripheral nerves are commonly 
met with m war surgery and, as exemon of the wound is required 
m all cases, failuro to recognize the lesion should not occur as 
the dmded nerve ends will then be apparent but examination 
of the hmb should not he neglected because excision him to be 
100 
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performed and it is ielpfiil to tie snrgeon to ImoTV wiat damage 
le is likely to encounter. Tie limb slould tlerefore be examined 
for any evidence of muscle paralysis or anaestlesia The follow- 
ing lesions of nerves may be found complicating a wound : (1) 
contusion : (2) division ; (-3) partial ablation, wlere a greater or 
less extent of tie nerve trunk is destroyed and missmg 

COXTUSION OP XEB'S'E 

H tiese cases the nerve loots sligltly swollen, witi its sleatl 
reddened or actually infiltrated witI blood. There is no obvious 
loss of continuity of tie nerve fibres^ tiougl in most cases loss 
of conductivity can be demonstrated clinically. 

Treatment . — ^In cases of contusion witi no loss of contmuity 
no surgery should be attempted on tie nerve trunk, as recovery 
is tie rule, but in tie meanwiile tie limb slould be so splmted 
flat paralysed muscles will be in a relaxed position ; if these 
react to faradism that form of electrical treatment slould be 
employed to stimulate them daily until voluntary contraction 
reappears. In severe cases in which no faradic response can be 
obtained galvanic stimulation must be carried out daily until a 
faradic reaction can be elicited, 

nmsiox OP 

The trunk of tie nerve may be cut clean through as if divided 
by a knife, but more commonly the ends are ragged and bruised , 
occasionally the nerve may be only partly divided, often with a 
portion of metal embedded at the point of iniury. In these 
wound cases, owing to the pnlping and damage of the surrou n d in g 
muscles, the nerve ends are not separated to any great extent 
and are easy to identifv. pick np. and approximate Anaesthesia 
of the skin and paralysis of muscles in the area supplied by the 
nerve below the point of section will of course be present tbongh 
thev are often confused by the extent and results of tbe accom- 
panying wound. 

Treatment . — In everv case tbe nerve ends must be carefully 
pared with a verv sharp knife till tbe trunk is clean and un- 
bruised. The nerve sheaths of the peripheral and distal ends 
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shoold be gently freed by dissection from the sturounding tissues 
(flU damaged muscles having been excised) and nppronmated 
by a senes of catgut sutures passed through the penneunran, 
always provided this can be earned out without any undue 
tension ^ing exerted on ond without rotation of the nerve ends 
When the suture la securely Qccomphahed the nerve at the pomt 
of operation should bo embedded if possible m healthy muscle 
but if this 18 not feasfljlo it ahonld bo enwrapped m fesem or fat 
to prevent adheaions ^Vhcn completely excised the wound 
should bo closed with dramago if necessary and the limb splinted 
so as to rest the wound and relax any paralysed muscles In 
many cases it wiD be found thot infection has already occurred 
in theae wounds before they are Been by a surgeon in this 
eventuahty it la a common prncbco to leave the nerve ends 
unsutuxed until such time oa the infection has cleared up when 
they axe umtod by a Babseq,uent operation on the Imca already 
indicated. My own practice however is to suture thooe nerves 
in the presence of moderate infection and I can report good 
results m the majonty of cases with the saving of much time in 
recovery 

PARTIAL ABLATION OP IfEBlT 

This 15 a common condition seen in most bccrotod wounds, 
and a important not only because the ends of the nerve are 
widely separated but also because tho surgeon may overlook the 
nerve ends unless careful search is made for them when tho wound 
IS exaaed. 

TnatvioU — In cases where a gap of several inches la left 
between the nerve ends it is useless to attempt to carry out any 
form of pninary suture all that it la advisable to do in addition 
to enasmg the wound, is to cloan tho out ends of the nerve and 
if possible pull down and hgature the penneunum over the 
divided nerve filaments so as to prevent the formation of a large 
neuroma and its adhesion to surrounding structures. Subse- 
quently the distal end of the nerve may be implanted laterally 
mto a neighbouring nerve tnmk if one exists, or smtable means, 
such as tendon transplantation or arthrodesis, undertaken to 
ensure a useful limb 
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PEOGNOSIS OP IsTEEVE ENJUBIES 

It must he realized tliat furtlier treatment wiU be necessaiy 
for many months m all cases of nerve mjmy This treatment 
consists m the daily apphcation of the galvanic current and 
massage to paralysed muscles until such tune as they react to 
faradism, •which may then he employed At the same time it is 
very necessary to protect the hmb from external trauma and, m 
cases of mjunes m the upper extremity, to warn the patient of 
the danger of holdmg hghted cigarettes or matches between 
partially insensitive fingers 

With aU nerves the nearer the body they are di'vided the longer 
■will be the period before recovery is complete , thus when a 
sciatic nerve is di'vided m the upper part of the thigh an mterval 
of from two and a half to three years is to be expected before 
recovery takes place In the case of a similar wound m the upper 
limb this period is usually a year or eighteen months, but may be 
slightly longer 

The prognosis is always best after primary suture where no 
sepsis has intervened. It is never so satisfactory m the case of 
delayed suture or sepsis, and no really good results are "to be 
expected after nerve grafting or implantation. The end-results 
are much better with some nerves than -with others An almost 
perfect end-result may be an'ticipated ■with the sciatic and 
musculo-spiral (radial) nerves where primary suture has been 
successful, but ■with the median and ulnar nerves muscle weakness 
and sensory disturbances persist m nearly aU cases 

rSTJUBIES TO BLOOD %'ESSELS 

Injuries to blood vessels are extremely common, and, of course, 
occur m every wound seen, but it is particularly ■with mjunes to 
the larger vessels of the limbs that we are concerned In respect 
to damaged small vessels, which ■will be encountered m aU lands 
of wounds, it cannot be emphasized too strongly that m excising 
any wound it is necessary to remove tissue im'til spurtmg vessels 
are met ■with m place of the ooze first seen on a wound surface 
and, moreover, it should be remembered that the jier jinmam 
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healmg aimed at by eiaaion la poesiblo only if adequate haemoe 
t-runn 18 secured before the wound la closed. 

Aa to damage to the large veaaela, it is evident that the cutting 
off of the blood supply to a wounded Innb will not only mcreaae 
the nut of its death but wiH greatly favour the occurrence 
of infection, and especially those forma due to anaerobic org aniam s 
(gas gangrene and tetanus) It la therefore justifiable m many 
where damage haji been done to the mnm yessels of the 
limb especially if aocompamed by groea muscle-aruahing or 
fracture of the bones, to perform immediate amputation with 
the object of saving the patient a life 
As with nerve lemons so also m the case of blood veesels we 
meet with (1) contusion (2) divisioa (3) partial ablation It 
must be remembered that Nature by a general fall m blood 
pressure, the coagulability of the blood (especially m the presence 
of damaged muscle ttssue) and the torsion of the vessel wall 
which occurs m aH severe wounds, does much to arrest haemozr 
bage, and is often sucoesaful even where nvnn vessels are tom 
across. It is not however, safe for the doctor to rely on this 
natural arrest of haemocchage as the nse m blood pressure 
consequent on treatment and the occurrence of infection of these 
wounds are soffiaent to loosen the olot and cause severe reaction 
ary and secondary haemonhagea. 

Fxrsi Axd 

In such oases the first-aid treatment is of great importance m 
saving the patient s life All personnel engaged on first aid 
duty must be taught to look for haemorrhage cases first ami to 
give immediate treatment A pad, improvised or otherwise is 
pressed mto the wound and held firmly until a dressing anH 
bandage can bo applied If an artery is bleeding pressure is 
appbed to the appropriate pressure pomt until the dressing 
is m place. All wounds of the lower hmbs are to be treated as 
stretcher cases. The tourniquet is not to be used mdiscmmn- 
ately but only when it is certain that a large artery is bleeding 
or when a limb has been tom oS^ when xt must be applied os 
dote above the vowid at possible, A simple type must be chosen, 
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and one ttat can te efficiently and rapidly applied even in the 
dark. 

The Tourniquel 

Many kinds of tourniquet exist, but probably the improviBed 
types are the most useful Careful judgment is required m their 
use , unless a large artery is obviously injured the tourniquet 
should be apphed only after the simpler forms of treatment 
have failed The tourniquet should always be put on as far 
down the limb as possible — ^that is, near the wound — so that 
the blood supply of unmj'ured parts is not mterfered with The 
rule of relaxing the tourmquet after fifteen mmutes should be 
observed, but it should be left in sxiu, with an orderly ready to 
tighten it up agam if necessary. When a tourmquet has been 
applied a note must be made of this fact, together with the tune 
of application, on the casualty card . should this not be available 
the fact of application must be recorded on the patient’s forehead 
It should be noted that where a tourmquet has been apphed 
and it is subsequently decided that immediate amputation is 
to be carried out this should be performed without removal of 
the tourniquet, and immediately above it ; this procedure saves 
the patient very considerable shock 

Clinical Indications 

Though haemorrhage is visible to the naked eye it may some- 
times be difficult m the case of a penetratmg wound to be sure 
whether deep vessels are damaged or not In this respect 
examination of the distal pulse, the possible presence of a pul- 
sating swelling, or deep tension m the limb should be looked for 
In other words, with a small penetratmg wound internal haemorr- 
hage occurs m a kmb just as m the coelormc cavities, and wiU 
present the same general signs, though to a lesser extent As a 
rule the presence of a persistent tachycardia is an mdication 
that there is vascular damage, usually with artenovenous com- 
mumcation, unless the patient is developing or has developed 
gas gangrene, which is the other common cause of continued 
rapidity m the pulse rate m patients recovering from the effects 
of wounds. 
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Tnatmenl 

Snbeeqtient treatment aliotiid aim at ligature of the damaged 
veseelfi nnrl as pointed out jn 1917 sunultancous lign 

tore of the artery and yein leads to retention, of more blood in 
the limb and farther improves the conditions necessary for the 
preservation of its vitality The surgeon •will soon become 
acquainted with the main ortenal tranhs, and m the early stages 
of his career may attempt to carry out operations for the repair 
of vessel vmllfl and the re-establishment of oircnlation. This Ime 
of treatment m not justified m the majority of cases, as it means 
submitting the patient to A lengthy operation, the results of 
which are nsnollv to prodnoe thromboeis at the suture Ime with 
obliteration of the vessels and where the circulation is mom 
tamed subsequent eianunation oftei several months has shown 
that the majority of these patients develop artenal or arteno- 
venous anearysms 

Following UgaUon of tho vessels the hmb should be elevated 
and, if necessary splinted tn secure rest, while the patient is to 
be encouraged to contract the muscles gently and mnseage may 
be given to aid the arculation. 1 most repeat that a sharp eye 
should be kept for gangrene, which is more likelv to occur m the 
lower limb being very rarely seen m the upper even after hgabon 
of the axillary vessels Infection also must be watched for 
As already stated, it will be iD resisted in the devitaliied tissues, 
BO that its appearance is of aenouB KignTfiranra and caHs for 
immediate and drastio surgical treatment In cases m which 
gas gangrene mamfests its^ prompt amputation will offer the 
best chance of saving the patient a life, 

TaauKATIO AKD ABTltaiOVINOTJS AirutmTsiia 
One of the results of failure to recognize damage to blood 
vesoels m a wound is the subsequent and usually gradual appear 
once of some sort of traumaho aneuryinn. It is not m large 
wound* that vessel damage is likely to escape notice, but m 
small penetrating wounds where the ent and entry of the missile 
ore ntuated at iome dittance &om the hues of the blood vessels. 
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These small Tvotmds &equently heal without comphcatious, 
but the patient gradually notices a feehng of fullnass and tired- 
ness developing in the limb, especially after use, while in some 
cases a defimte brmt may be detected by him and pulsation be 
present in the vems distal to the wound In the early stages 
the surgeon should be led to suspect the development of such a 
vascular lesion by the presence of a persistent tachycardia m 
a patient in whom no obvious cause for this can be demonstrated. 
As will be seen from the above description, the onset of these 
aneurysms is usually gradual, and it is several weeks before they 
are climcally obvious. There are occasions, however, when, just 
as the wall of an artery may give way and cause secondaiy 
haemorrhage, so an arteriovenous commumcation may manifest 
itself suddenly. In this case the patient shows all the signs of 
collapse and internal haemorrhage, while the affected limb will 
be found distended, with tortuous pulsating veins 

TRAUMATIC AATCP.YSMS 

Following an undetected wound in an artery the resultant 
traumatic aneurysm enlarges gradually in the surrounding 
tissues, the pressure of which limits the extent of the sac In 
superficial vessels such a lesion presents itself as a rounded 
swelling with expansile pulsation in the course of the vessels, 
while in deeper tissues a sense of fullness and discomfort is all 
that 15 usually manifest. Pressure on the artery above the 
aneuTTsmal sac of course obhterates the pulse m this There 
may be pam aud oedema distal to the aneurysm from pressure 
on surrounding nerves and vems 

Treatment consists m exposing the sac, hgatunng the mam 
trunk both above and helovr it, and, where practicable, excising 
the sac itself though this is not essential and should not be 
earned out if it involves any risk of damage to important struc- 
Tures m the sac waU, 

ABTEEIOVEICOUS AlCECEYSl-IS 

These occur where a wound mvolves contiguous vessels such 
as m the Eubcla\Tan and axillary regions m the upper hmb, the 
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tliigli pnd popliteal regiona in the lower limb, and the carotid 
region m the neck. As already rtated, these communicationa 
derelop gnduaHy m most case*, thoogh rarely they may have a 
sadden and dramabo onset jt is usoally not imtil at least six 
weeks or more after the wound that the condition can be diag 
nosed with certainty thon gh a persistently rapid pulse m any 
patient should lead to the suspicion of a developing artenovenoas 
comminucation. As a rule the patient is aware both of discom 
fort gad pam and of a bnnt m the affected hmb This brmt 
may often be heard when near the patient and can always be 
detected on palpation and on ansonltabon, while the superficial 
vans below the lemon may generally be seen to be tortuous 
distended, and pulsating It must not be forgotten that such a 
communication may complicate a fractured skull and occur in 
the cavernous smus, between the mtemal carotid and that blood 
space, giving nse to distrecsful cerebral symptoms and a pulsating 
empbthalmos. 


Trcatmeni 

From the pomt of view of treatment rt makes httle difference 
whether an aneurysmal vanx or a vancxise aneurysm la present 
for as already enxmciated ligation of both the artery and the 
van above and below the commomcatioD offers the beat oppor 
tumty of core TJnlees the patient is senously mconvomenced 
by the conunnnication it is wise to defer thtu ligature of the 
vessels for at least three months from the time of the wound m 
order that a collateral circulation may be well established. The 
operative treatment, however sbouid not be delayed unduly 
since this increases the mvolvement of surrounding etmeturee 
nnd makes operation far more difficult. 

Only very rarely is it justifiable to attempt repair of the vessel 
waD at the pomt of commumcation but where operation has to 
be undertaken very early especially m thn lower hmb, 
where doubt may exist as to the efficiency of collateral circulation 
such repair may be earned out at timpu Even should on 
oneurvEm subsequently occur the initial procedure will have 
Permitted the patient s collateral circulation to de\ elop m the 
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meanwhile As stated elsewherCj such repau: operations-' are 
disappomtmg m then: resultSj^m that m many cases nnmediate 
thrombosis arises at the site of opefatirm, and m the vast majoniy 
of the remamder the givmg way of the scar results m the subse- 
quent formation of an aneurysm 

CONCLUSION- 

As -will be gathered from the foregomg remarks, mjunes of 
the peripheral blood vessels and nerves are m themselves often 
unimportant compared with the grave damage that is hkely to 
be caused by aenal bombs Expenence has shown that the 
most severe wounds may be expected, and these will quite 
overshadow any vascular and nerve lesions On the other hand, 
it IS important to recogmxe and treat these conditions m minor 
wounds m the case of mjimes of the blood vessels the recogm- 
tion of damage to the mam vessels of a severely wounded limb 
may often cause the surgeon to determine upon immediate ampu- 
tation — a step which will save the patient a long and painful 
convalescence with the chance of a useless and pamful limb, and 
will often be hfe-savmg m its effects — ^while m the case of a shght 
wound the recogmtion and prompt treatment of vessel mvolve- 
ment wdl avoid the mconvemeuce and danger of a traumatic 
or arteriovenous aneurysm 



ABDOMINAL INJURIES OR WABRiARE 

By GORDON GORDON TAYLOR 0 BE , F R CB 

K\xr imcc * the dirL backwtml and abyam of Time ' the belly 
of an enemy baa conatituted an inatmcliv'O target, and the rclatu e 
proximity of adveraanea baa in no araall mcaauio detenruned 
the incidence of abdominal woumis received m conflict The 
Tulnerabibty of the abdomen m tho geological eraa when but 
a abort space can have Bcporated nval foeroen la attested in 
mnwnitia, where may bo soon portiona of the human lumbar 
spine with impaled flmt arrow head* , somo of these rchca 
embedded in the anterior portion of tho \ertcbral bodies Umn 
wrth unerring surety the tranaabdominal conno of a missile 
shot loQg ages ago by tome enemy hand of the Neobthio penod, 
a dual monument to victor and to slauu 

rXCTDENCE AKO ilOKTAUTY 

In the lost great European conflagration with tho augmented 
frequency of wounds produced by artillery fire injuries of the 
abdomen amounted to only 2 or 3 per cent of all the wounded 
who reached an organued surgical formation , but of course 
large numbers of those injured m the abdomen died on tho 
m\we*t\u\tsin\ha\,a\>duiiuniA'wcnmdB accounted 
for no less than 9 per cent of tho casualtie* sustained in tho recent 
air bombardments of Barcelona, and were mostly of o pene- 
trating character Ibny of those injured m the abdomen by 
enemy aircraft espeoally by mean* of the so-called liquid an 
bomb had multiple wounds The wound of entry may be small 
and easily overloolced and yet most gnevous damago may ha\e 
been inflicted on the abdominal viscera. Careful scrutmy must 
be made of the whole body m the case of men and women mjured 
by this form of enemy action. 

ns 
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Wounds of the abdomen wbicb are mflicted by the modem 
missiles of warfare exert tbeir lethal effect by producmg haemorr- 
hage or by engendermg sepsis either through infection earned 
m with the fragment of high explosive or through damage to 
the hollow viscera of the beUy, especially the gastro-mtestmal 
tract The bowel is that portion of the ahmentary tube most 
liable to be wounded, and is damaged rune or ten times as often 
as IS the stomach 

Personal experience and the published figures of other nuhtaiy 
surgeons testify that haemorrhage or the shock-haemorrhage 
syndrome is largely responsible for the deaths occurrmg m the 
early hours after woundmg, and that those who die later mamly 
pensh from sepsis This does not absolve the surgeon from the 
necessity for rapidly decidmg whether to operate or to abstam, 
even m those cases of penetratmg wound of the beUy where 
haemorrhage is not the promment clmical feature 

The dangers attachmg to wounds of the hollow abdominal 
viscera preponderantly outweigh those attendmg lesions of the 
sohd organs, unless associated damage to important and mtnnately 
related blood vessels threatens hfe m aU abdommal mjunes 
early diagnosis and decision are the necessary prelude to success 
It must, however, be admitted that hollow viscera have escaped 
mjury when the mtestmal area has been transfixed by missile 
or even by bayonet, and Gordon Bell’s famous case furnished 
mdisputable evidence that a natural cure might result when the 
bowel was actually penetrated Spontaneous healmg of gastnc 
wounds has also been recorded Such results are the freaks of 
fortune, and are to be disregarded m the formulation of rules 
for those called upon to deal ivith gunshot wounds of the belly. 
In the abdomen there are no insignificant wounds 

DIAGNOSIS AND PROGNOSIS 

The diagnosis of mtestmal mjury due to a penetratmg wound 
in the abdomen is never beset with the same difficulty that ob- 
tains m decidmg whether the bowel has been damaged by con- 
tusion or non-penetrating violence, and the mdications for 
treatment are crystal-clear ^^Tiatever the traumatic agency 



ABDOMINAL INJURIES OF WARFARE 117 

a laceratHDn by spike or stake, a stab witb a knife, dirk or dagger, 
a bayonet tbmst, or tbe more frequent gunshot •wound from 
buflet, shell, or bomb — the general pnnaples of treatment are 
alike, A penetrating wound m tbe abdomen probably means a 
penetrating wound of bowel or other abdominal ■viscus, and de- 
mands the earbest surgical mtervention unleas a wisdom and 
presaence bom of great experience justifies self reatramt 
An escape of faecal material or flatus from a WTJund mvolving 
tbe abdominal ponetes or even a portion of the body somewhat 
remote from tbe pentoneum is self-evident proof of an intestinal 
Iwnfm , an abundant and persistent discharge of blood from 
wounds m the back, flank, or antenor belly wall, an ebb which 
flows the frster and with greater force when the patient coughs 
or makes any effort, will likewise suggest some deep viBceral 
lesion, and will call for surgical exploration No comment is 
needed upon those cases where a portion of bo'wel or omentum 
projects from a wound m this region and stiD, more mgmficant 
will be the diagnosis, and still more urgent the need for reens- 
catatory methods and preparation for laparotomy if the ■wounded 
man is shocked blanched, or passes blood from the rectum or if 
there is haematemeeis. The ntnation of the wound may how 
ever not at first suggest on mvolvement of the coelonuo cavity 
or its contents rt is perhaps hardly neceesary to reiterate the 
frequency with which gunshot wounds of the buttock implicated 
the pentoneum or to emphasize the danger with which these 
mjunre were fraught m the war of 1914-18 
The wound of entry may be m the thorax, and the 
passing throng^ the diaphragm, may imphcate the gastro- 
mtestmal tract. It has been pomted out by others, as well as 
by me, that the immediate prognoms of abdonuno-thoracao 
wounds 18 m very many caaes largely deteimmed by the nature 
of the abdominal mjury and that those accompanied by a wound 
of a hollow YiBcns are very fetal Sir Cuthbert Wallace found 
that only seven out of twenty-eight such caaes m his collective 
senes were evacuated to the base Gask and WiDanBon saved 
only three out of thirteen such cases. Others were more fortunate 
for A. L. Lockwood of Toronto had eight successful oaaes out of 
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twenty, and I iiave a record of eleven recoveries out of twenty- 
two abdonuno-thoracic wounds associated with hollow viscus 
injury, of which several were comphcated intestinal lesions The 
wounds of entry may be even more remote from the abdomen , 
they have been encountered m the supraclavicular fossa or as 
far down the lower limb as the region of the patella It may be 
pomted out here that these longitudinal wounds are very fatal 
m character 

The bowel may also be damaged by small bony spicules bemg 
driven through the peritoneum, although the projectile itself 
does not jeopardise hfe, the mtestme bemg ruptured by mdirect 
violence without any penetration of the coelomic cavity by the 
missde. This type of case was famihar to all such officers as had 
first-hand experience of gunshot wounds of the abdomen m the 
1914-18 war , the small bowel m these “ burst wounds ” gives 
way either mto the mesentery or along the anti-mesentenc 
border , the large bowel bursts more frequently between the 
taeniae cob, and often behmd the pentoneum, occasionmg a 
fatal retroperitoneal celluhtis or diffuse pentomtis, as was shown 
by the late Hamilton Drummond and by Su John Eraser It 
must be remembered that the mere fact of penetration apart 
from the presence of any mtestmal or visceral lesion is m itself 
a senous menace to hfe, smce infection of the abdominal cavity 
may occur from the wound of entry and a fatal pentomtis may 
ensue 

What symptoms and signs enable us to make a diagnosis of 
mtestmal mjury m the less obvious cases of gunshot wounds of 
the abdomen^ Rigidity, pam and tenderness, vomitmg, the 
facial expression, and a nsmg pulse are all suggestive Ro one 
sign or symptom is diagnostic, but when they are present m 
combmation the chmcal picture becomes more clear An rc-ray 
exammation wiU give valuable information as to the direction 
of a wound produced by gunshot mjury and may furnish useful 
information as to the best mode of approach m the particular 
case 

3Iany of the foregoing paragraphs have only an academic 
value , the implications of a wound of the abdomen are obvious 
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ABD0M1^AL 1^JU1UES OF -WAllFAKF 
Exrry troum? irfidher pendralmg or not tfiould be thoroughly 
ex^ortd fTcww/ anddmnfcdcd Even if an occnsional operation 
■hould pTO^o to have been unnecowir} the pnticnt will aufTer 
little or no detninent from the exploration , nay rather, with 
the excision of his parietal wound coni-alcscence will bo more 
safe the wound should heal more kindly, and the surgeon will 
feel secure 

Shock 

The treatment of shock has already been dealt with bj tho 
very surgeon who did so much to clarifv our ideas of wound 
shock in the front bnc arena during the grant wnr (E M Cowell) 
and it must suffice to reiterate that ci*crv elTort must be made 
to combat tho dei clopraent of secondary shock As regards tho 
mlravtnoua admimatration of fluids m those with so%*crtt shock, 
I was never convmccd of tho utility of saline or bicarbonate of 
sodium solutions m warfare while the employment of gum acacia 
solution must have cost many b\ca Fortunately tho recent 
work of Stuttiford of New \ork has severely discredited this 
prcpomtion and it has now doobtlcss reeeii ed its coup de grdee. 
The greater the share played bv loiw of blood m the shock 
haemorrhage syndromo tho more \*ali»ablo is blood transfusion 
and m all severe cases its use is dcoianded as a pntnary measure 
In cases of pore shock where there is capillary atony with 
leakage of fluid blood is of roost temporary value and is rapidly 
lost from the circulation PoMibly tho cmplojiuent of some 
^^tam^n infusion may prove of tpeaflo value m these cases. 

SELECnOV OF OASES 

In penods of rush and emergency a wwo choice may hai.o to 
be made of the abdominal cases awaiting tho consideration of 
the surgeon. When the ideal of oitcnding tho benefits of surgery 
to all such os might legitimately be expected to profit by opera 
tion cannot be attained it wHl ^ well to remember in this unen 
viable yet inevitable task of exclusion Owen Kichards s slogan 

Toohi^ too late and too bad Farthormore, tho expenonco 
of a quarter of a century ago taught the surgeon that a wound 
of the belly from a largo fragment of missilo was almost always 
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fatal Wortlungton, however, in the last war had a successful 
case where a fragment of shell weighing over half a pound was 
lying loose in the pentoneal cavity , there were two wounds of 
the ileum and one of the sigmoid I saved another patient, 
who survived a double resection of bowel and bladder injury 
produced by a fragment of high explosive weighing just under 
a quarter of a pound Such cures are exceptional, and cases of 
this land should not be given preference over those that are more 
promismg 

Those wounded who have extrusion of bowel from the ab- 
donunal cavity, especially if this be badly damaged, make poor 
recoveries They are “ bad surgical rislcs ”, although their 
general appearance and condition may deceive the observer, 
yet a number of marvellous recoveries of tins nature, of course, 
resulted, and the first successful abdominal operation upon the 
British front coneerned a Scotch Canadian who waUced back 
from the German hnes wth his intestines extruded A successful 
resection of six feet of small intestine was performed by Owen 
Richards, and the specimen is in the Museum of the Royal College 
of Surgeons of England 


ANAESTHESIA 

Gas and oxygen produced the best results in tlie surgery of 
gimshot wounds of the abdomen , the finest statistics of all came 
from that excellent surgeon D C Taylor, who had the good 
fortime to be associated with Geoffrey Marshall Not only was 
the latter a most able administrator of gas and oxygen, but he 
also taught its use to many of those charged wuth the duty of 
giving anaesthetics in the cleanng station The badly injured 
abdominal case proves an easy subject for gas-and-oxygen ad- 
mimstration Only a lunatic would employ spinal anaesthesia, 
but I made much use of supplementary local or regional anaes- 
thesia, unless the proximity of contaminated or septic wounds 
precluded it Ether gave the host results in the hands of the 
majonty of anaesthetists, and is perhaps the most useful of all 
anaesthetics The employment of the barbiturates is to be 
deprecated m those with grave abdommal injury, and reliance 
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ihould be placed npon morphine, omnopon, scopolamine, atro- 
pine and snoh ^rell tned pre-operative injections 
Speed 18 the handmaid of sncces* m the operative treatment 
of vonnds of the abdomen, by whatever agency produced. There 
IB no room for the Burgical tortoise on the floor of any operating 
theatre in a casualty station or advanced base which is dealing 
with gunshot mjunes of the belly The captain of a surgical 
team who lacks the power to hurry wastes hia own time and also 
that of nurses, anaesthetist, and henchmen for not only will 
he fail to save those wounded men who might have been rescued 
by one of a foster turn of speed but he will also be debarred by 
the passage of time from extending help to others who are 
looking to surgery to save then lift and limh 

OPEIUTIOV 

In cases where there is more than one wound rt is of jaramotuit 
importance to deal with those situated on book, buttocks, or 
the posterior aspect of the lower limbs befons tie abdomen u 
opened When a patient has had a laparotomy the act of turning 
m order to secure ready access to a wound cm the back produces 
a great fall of blood pressure which may prove fatab This 
instructiou cannot be too flrtnly insisted upon the hindmoet 
shall be first! 

In most cases it will be wise to make a median or paramedian 
mctsion of generous dimensions. On opening the abdomen tie 
first step win be to control such baemonhage as is tAking place 
the bleedmg most frequently comes from the mesentery but may 
onginate m a wound of omentum or the bowel itself. The 
mtestme may bleed freely as may the stomach especially the 
vessds along its curvatures, and also on the walls of the viscua 
itself The liver spleen, and lodnoy must be investigated as 
possible sources of mtrapentoneal bleeding m the case of the 
spleen and ladney rt is wise not to remove the mjured organ 
Unless haemorrhage is mcnacmg life. A conservntivB attitude 
should be especaally adopted m the first instance m respect of 
kidney injuries, and although m a oertam number of cases where 
conservatiam has at first been shown a secondary nephrectomy 
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may prove necessary, a considerable proportion of kidneys are 
saved 

A retroperitoneal haematoma, if leaking into the peritoneal 
cavity, may demand attention, and severe haemorrhage from 
the inferior vena cava has been controlled successfully by suture 
(Sampson), or more easily by one or more pressure forceps 
applied to the rent m the vein, and left m position for some days 
with the handles projecting from the abdommal wound (D C 
Taylor, Gordon-Taylor) 


65IALL INTESTINE 

The small intestme, as that portion of the digestive tract most 
liable to injury, must be systematically inspected, coil by coil. 
It IS well to start at the ileo-caccal junction and work upwards 
to the duodeno-jejunal flexure , on the other hand, the direction 
may be reversed The surgeon must satisfy liimself as to the 
condition of each loop on the first inspection there must be 
no second look, after each cod has in its turn been replaced 
inside the abdomen The patient is already shocked eviscera- 
tion and rough handlmg wll augment the shock and jeopardise 
his hfe 

The surgeon must remember the possibility of wounds between 
the layers of the mesentery, and must examine any haematoma, 
especially if crepitant, in the vicinity of the duodenum, lest a 
retroperitoneal rupture of this fixed part of the small gut be 
overlooked Perforation, or even rents of the small bowel, vith 
the coroUa-like eversion of the mucosa (Fig 6), can well be dealt 
with by simple suture, and this method of repair should always 
be employed wherever it seems appropnate A single IfCmbert 
stitch of silk or thread, on a round-bodied needle, suffices for the 
treatment of this type of perforation 

The pathological anatomy of gunshot wounds of the abdomen 
IB hardly likely to differ, save m degree, from those encountered 
in the war of 1914— 18 , but if surgical technique does vary m 
the future the explanation wnll be found in the greater shattenng 
effect of high explosive, which is more hkcly to produce wounds 
of the intestinal tract necessitating resection rather than con- 
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BcrvatiVB repair Resectjoii of inteatane riicruld b© employed 
m the follomng orcainetaiicea 

(o) The eeparatiOD of the intestine from its mesenterv for a 
distance of over three-qnarters of an moh (This mtderstatea 
the figure grven by several wnteri on mflitary abdommal surgery ) 



Fm 6, — FetMtnting of nQ*!] fartertbie of gmiAo* 

o rfgfa t ■boving tbe oocollft Uce OT mk ) n of tbe 

(War CoDection, R.C5 ) 

In the event of severe contusion or laceration of the implicated 
bowel any mesenteno detachment must be regarded still more 
senoualy 

(6) Where the pronmity of multiple wounds is likely to render 
the results of then mdividanl suture a mosaic of threads or a 
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misshapen patchwork, probably resultmg m interference with 
the mechamcal function of the bowel 

(c) In cases of mtestmal infarction 

(d) When the weight of the missile has crushed the hfe out of 
the damaged mtestmal cod. 

(e) Where perforations are so numerous and extensive it may 
be less time-consummg to mclude aU the lesions m one segment 
of bowel ablated. 

The old bogy of the dangerous mesentenc angle was dispelled 
m the last war, and few operators entertam that surgical respect 
for the jejuno-deum which is felt towards the large bowel 

WOUOT)S OF COLON FBOM GUNSHOT AND HIGH EXPLOSIVE 

The experience of a single operator may doubtless be capncious, 
but unfortunately my sohcitude, which was awakened by all 
except the more simple forms of colomc woxmds of gunshot 
ongirL, seems justified after perusal of the collected results of 
many surgeons published at the end of the war of 1914—18 In 
view of the increasing proportion of casualties due to high ex- 
plosive there is httle reason to think that the character of colomc 
mjuries will be less severe or baleful in future campaigns In 
the more frequent or typical exa.mples of wounds of the large 
intestine, anatonucal considerations played no small part m 
determining the serious character of the injuries 

(a) The frequent retroperitoneal situation of one or more of 
the wounds of this portion of the bowel increased yet did not 
condone its habdity to be overlooked by the surgeon 

(b) The vulnerability of the retroperitoneal tissues to mfection, 
more especially to anaerobic invasion, added to the gravity of 
gunshot wounds of the large bowel , the absence of a mesocolon 
in certam segments of the large gut, whereby the bowel and the 
lethal retrocolic and paracohc tissues were more closely juxta- 
posed, increased the potentialities of these vertical portions of 
the colon for threatening life in the event of woundmg 

(c) Concomitant bruising of the large bowel was often con- 
siderable and sometimes extended no small distance ftom the 
margm of the actual wound , this phenomenon was encountered 
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mucli more frequently than m the com of the jejuno-Hcum , 
surpeal suture of the colon was thus rendered Iwa secure and 
certam. The deposit of fnt m the wall of the colon is nlwn}*a 
fraught with boom: surpeal mispiMng and its existence demands 
watchfulnefs on the part of the operator cxtm\'asnted blood 
in the intestinal coots of the obeso engenders a sense of still 
greater incertitude Isoloted bmivd arras were often seen on 
the large bowel and were not infrequently remote from the trach 
of the mtsaDc Such contusions %*nned m depth and surface 
extent and were of some concern in \ncw of their liability to 
lead to secondary perforation Proph>laxis against this sequel 
demanded the most adequate pronsion for dramage 
(rf) The outer coata of the large gut were sometimes ruptured 
and stnppcd back from the underlying intact mucosa this 
phenomenon was occasionally discovered m close proniuity to 
the track of the miasfle and nt other tunes might bo remote 
firom the actual perforation of the bowel These injuries add to 
the onaaotica of conservative sorgerj 
(<) The more fixed portions of the colon contrast with the 
small intestine m the matter of suipcal aceessibilit} , and the 
exposure of a retropentoneal wound of the flexures or of tlie 
vertical segments of the colon through a mid line incision might 
be associated with serious technical diDicultica. 

(/) The early escape of fluid faecal material from the lumen 
of the large bowd in eases of gunshot injury was more frequent 
than from the small gut and its occurrence augmented the 
gravity of the prognosis a pcntoncum inundated with a flood of 
highly infcctii-e fluid from tho intestme the cxtmjicntoncal tissue* 
or psoas muscle soak-ed and sodden with escaping bowel contents, 
rendered efforts to Ba\ e the patient fruitless and wasteful of time 
( 5 ) Infarction was more often root with m tho largo bowel 
than m the small mtostino m coses of gunshot wounds such 
cases demanded drastio rather than conservative measures, 

lirniOD 07 SUSOIOAL APPROAOn 
I have always had a predilection for mcmons made dnrecUv 
over the portion of the colon which demands surgical intcrvcn 
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tion , thus I have made frequent use of flank, ihac, or even 
subcostal incisions, m which the muscles of the panetes are 
divided m order to ensure adequate exposure of the field of opera- 
tion Such avenues of approach reduce to a rmnurium the 
anxieties of handling wayward small intestme, and the dangers 
of generalized contamination of the peritoneal cavity are thereby 
reduced 

In the case of “ through-and-through ” wounds of gunshot 
origm far out in the flank or ihac region, where any mjuiy to 
the abdominal contents seems problematic, or where the outer 
border or posterior surface of the colon is the most hkely site of 
visceral mjury, a lateral mcision may perhaps be profitably 
utflized , yet there can be no certamty about the anatomical 
disposition of the abdommal viscera, and it must be remembered 
that on the left side of the peritoneal cavity the descendmg and 
fliac portions of the colon are often overlapped by coils of the 
small gut In most cases the surgeon wiU therefore be wise who 
primarily utilizes the mundane median or paramedian mcision, 
so that he can assure himself beyond a doubt of the presence 
or absence or amount of damage withm the beUy Should the 
position of a colon wound revealed by laparotomy render the 
mjury inaccessible to surgical suture or to other treatment 
through a midlme mcision, or should provision for adequate 
dramage appear desirable or imperative, approach can then be 
made by a supplementary mcision m the flank or at the penphery 
of the abdommal wall If there chance to be wounds of entry 
or of exit m flank or iliac fossa or over some remote comer of 
the abdommal cavity, such may be carefully excised, enlargedj 
and converted into a more convenient avenue of smgical approach 
to the mjured abdommal area 

In deciding m favour of the prehminaiy median or paramedian 
incision it must be remembered that m not more than 60 per 
cent of the cases of m]ury to the large mtestme is the colon the 
only segment of the ahmentaiy canal mvolved In 40 per cent 
large-mtestme mjury is complicated by lesions of other hollow 
viscera Xo risks must be taken therefore the operator must 
make absolutely sure 
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If prelmuiiAry kparotomy reveal* no mtrapentoneal injury, 
great csare must be taten not to convert a small or uncompli 
c»ted extrapentoneal wound of tho caecum or the vertical colon 
mto one which implicates the general peritoneal cavity Such 
smaller wounds may be trimmed and sutured firom a posterior 
approach, provision being made through the muscle-cutting 
flank, mcaaion for drainage of the contaminated area 

TRKATinEHT 

The treatment of gunshot wounds of the large mteetme will, 
of course, vary with the anatomical and pathological ohaiucter 
of each individual mjury the surgical measures adopted may 
also be dictated by other considerations, snoh as the coexistence 
of multiple mjones, concomitant haemorrhage, etc 
Small inimpmtoneal tcoicnds of the caecum and colon merely 
require suture but m the case of this part of the bowel there is 
not the self-eame confidence m the effiarmoy of a single suture 
that obtains m small intestme injury and most surgeons will 
employ a donble layer of sutures. Greater confidence will be 
felt if a graft of omentum or an appendix epiploica can be ntalixed 
to remforce the suture line. Most of the successful cases of 
gunshot mjnry of the large bowel are of this type, 

TMe more freqiient and tyjncal gunshot injury oj the cdon has 
many or most of the chamcterishcs that I have already described 
moet of the wounds are associated wildi greater contuaoa than 
obtains m the thaT] bowel infaretion is more frequent, and 
the adjacent extrapentoneal tassnea of the poctero-lateral wall 
of the abdomen ore the seat of a haematoma, certainly con- 
taminated, perhapa already gravely infected with orgamsms 
which may have been mtroduced with the missile or may have 
been denuens of the lumen of the mjured intestine. In icmie 
cases the wounds are large and gapmg they are rarely multiple, 
but the damage and tearing of the coats of the caecum or c<flon 
render local suture unpromising 

Indications for Resection 

I therefore find myself m disagreement with those who deny 
a place for resection m the case of colon wound*. I am convinced 
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Shaw Dunn first drew attention This very rapid gangrene of 
the mucous membrane seems to be caused hy the deprivation 
of its blood supply through the rupture of the small vessels and 
laceration of the underlying muscular coat of the bowel produced 
hy a missile, the actual track of which may he some distance 
from the mtestme In these burstmg or traction mjunes the 
gangrene of the bowel leads almost at once to a severe infection 
of the retroperitoneal space Colostomy can be of no more 
service m this class of case than the performance of an enteros- 
tomy m the treatment of a gangrenous appendicitis 

It IS m such woimds that heroic measures must be employed 
freely to explore, dram, and possibly excise the damaged area 
of the bowel Portions of the innommate bone or the coccyx 
may require removal to effect a thorough exposure of the rectum 
and the post-rectal tissues 

WOUNDS OF ST03IACH AND UElNAEy BLADDER 

Gunshot wounds of the stomach vary greatly m size and 
appearance, and usually mvolve both surfaces of the viscus 
Suture will be employed as a rule, but the mcidence of secondary 
haemorrhage durmg convalescence, often of fatal nature, raises 
the question of the desirabdity of excision of the damaged 
portion of stomach wall, when this is m an accessible position 
and the general condition of the patient does not negative such 
a step In certam cases distortion, or uncertamty as to reliable 
closure of wounds of the pylorus, may suggest a supplementary 
gastro-enterostomy 

Gunshot wounds of the unnary bladder may be intraperitoneal 
or extrapentoneal , both surfaces of the bladder may be unph- 
cated This last-mentioned form of lesion is common m buttock 
wounds, and may be comphcated by a fractured pelvis and 
mjury to the mtestme Suture of intrapentoneal wounds is 
easy , extrapentoneal wounds should be sutured where possible , 
and a corrugated rubber dram may be inserted, if uncertamty 
be felt as to the secunty of the suture In some cases a 
self-retammg suprapubic catheter may be used with advan- 
tage 
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pencteatino tvounm of the solid vibceea 
The Liter — The daoensions of the misflile plaj" no inconsider 
able ptjt m determining the type of hepatio lemon, which may 
take the form of a perforation, poeaibly with cracks and fianiree 
radiating therefrom, a anperfioial ” score ' a ragged wound, or 
a cratenform cavity The liver is damaged m practically every 
abdomino-thoracio woimd on the nght side of the body and 
may be badly shattered m such mjnnee as the ‘ stove-m chest. 
The whole organ may be disropted even by a bullet wound and 
aa much as one-third of the nght lobe has been found loose in 
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the peritoneal cavity Exammation of musemm specimena iHus- 
tratmg gunshot injuries of the liver reveals lemons for which 
surgery is futile It would be nnposaible to prevent infection 
by Burgioal measures throughout a long ragged track running 
from one lateral surface to the extreme pole on the other side 
ofthe body (Fig 7) and surgical reel would bo entirely misplaced 
and probably harmful The escape of important structures m 
the portal fiasuro and m the Irvcr substanoe is sometimes remai 
able, and the fatal ending is often due to damage to other struo- 
tures. 

I cannot agree with certam German wntere who state that 
the opening of the abdominal cavity is indicated not only m 
every certam case of hver mjury but also wben such an mjury 
is merely probable ” If mjmy to other viscera can bo excluded, 
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may b« mcposed and dealt with thiongh a paramedian mcunon, 
a Perthes maaioti, or by an abdominn-thoraao approach in 
mjnnee mvadmg both cavitiea of the body 
The Pancreas —Penetrating wounds of the pancreas were leas 
frequent m the war of 1914—18 or at any rate lees often recog 
mxed, thfln m^nnes of any other of the abdommel visoera. The 
mtimate anatomical relations of the ^and to the large blood 
vessels are sneh that a wound of the pancreos involves the greatest 
risk of an immediate severe and probably frital haemorrhage 
hlanv wounds of the pancreas doubtless never reached an ab- 
dominal hospital, flod in snob patienta as survived to reach an 
operating theatre the lesion may have been overlooked by sur 
geons more mtent on dealing with mjnnes of the hollow viscera, 
or the casca were designated retroperitoneal haematomata ^ 
Bncceasfolly treated cases of gunshot mjnry to the pancreas were 
certainly recorded by Richard Charles (two) Lockwood, Samt, 
Mayo-Robsem (two) John Modey myself (three) and others. 

IBDOUIKO'TBOaAOlO 

Increasing famflianty with the problems of the s urge r v of 
warfare, and especially die radical treatment of the more severe 
miuncs of the thorax for which Bntiah s u rger y u under a special 
debt to George Qaak, gtadually led to a diminuUon m the mor 
tahty from these wounds as the years of the great war went by 
In 1916 only 18 per cent, of these cases were saved but m Novem- 
ber 1917 8ir Anthony Bowlby was able to report a recovery rate 
of 49 per cent. In the autumn of 1918 I cohected the results of 
207 operationa for abdommo-thoracao in]ury performed by *n 
surgeons m the Fourth Bntiah Army (Jack AndeiBoii, Saint, 
Stanley "Walker Hanoock Gordon Taylor) when the recovery 
rate reached 66-0 per cent, and m the of Samt of Capetown 
and the late Jack Anderson was no less than 80 per cent. The 
individual results depend very largely upon the mvolvement of 
hollaw or solid abdommsl organa m the complicated mjurv the 
latter type of wound produces a much lower mortality rate, but 
even m the case of mvolvement of a hollow viscus I had a 30 per 
cent, rate of recovery 
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The treatment of ahdommo-thoracic injuries may he outhned 
as follows : 

(a) "Where there is a through-and-through ahdomino-thoraeic 
wound on the right side, inflicted by only a small fragment, no 
active surgical treatment may be required 

(5) IVhere there is an abdomino-thoracic wound on the right 
side, and a small fragment is retained in an inaccessible position 
inthehver, an expectant line oftreatmentisthe correct procedure 

(c) "Where there is a small wormd in the thorax, and there is 
evidence of abdominal injury demanding operation, the belly 
has priority in the matter of surgery, and should be approached 
by median, paramedian, or some appropriately placed incisiom 
The thorax may require no special attention. 

(d) "Where there is a through-and-through wound involving 
thorax, diaphragm, and abdomen, and associated with severe 
injury to the thorax, the thoracic wound should he dealt with 
first, and an approach to the npper abdomen made through the 
diaphragUL 

(e) "Where there is a wound of entry in the thorax, inflicted 
by a large- or moderate-sized fragment of missile, which is retained, 
a radiograph is most valuable. The thoracic injury should again 
be dealt with first, aud the abdomen approached through the 
diaphragm. 

{/) In some cases, where the wound of the thorax is low down, 
access to supra- and infra-diaphragmatic areas may be obtained 
by curting through the costal arch after the manner of Eland- 
Surton. Duval Errschner, etc. 


rVJDBIES WITHOUT PENTTEAHN'O wount 
Injuries of the abdominal viscera may occur without pene- 
traTing wound. The demolition of buildings by air bombard- 
ment, with bricks, mortar, iron, and timber confusedly hurled 
by explosive force against the abdominal wall, may rupture 
intesrine or rend the liver without any breach of the skin- Severe 
damage to the contems of tbe coelom may even be produced by 
mere explosive force without any impact of dehris on the ab- 
dominal panetcs. 
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The treatment of abdommo-thoracic injuries may he outlined 
as follows : 

(a) Where there is a through-and-through abdommo-thoracic 
wound on the nght side, inflicted by only a small fragment, no 
active surgical treatment may be required 

(b) Where there is an abdommo-thoracic wound on the right 
side, and a small fragment is retamed m an inaccessible position 
in the hver, an expectant Ime of treatment is the correct procedure 

(c) Where there is a small wound m the thorax, and there is 
evidence of abdommal mjury demanding operation, the beUy 
has priority in the matter of surgery, and should be approached 
by median, paramedian, or some appropnately placed mcision 
The thorax may require no special attention 

(d) Where there is a through-and-through wound mvolvmg 
thorax, diaphragm, and abdomen, and associated with severe 
inj'ury to the thorax, the thoracic wound should be dealt with 
first, and an approach to the upper abdomen made through the 
diaphragitL 

(e) Where there is a wound of entry m the thorax, inflicted 
by a large- or moderate-sized fragment of missile, which is retained, 
a radiograph is most valuable The thoracic mjury should again 
be dealt with first, and the abdomen approached through the 
diaphragm- 

(/) In some cases, where the wound of the thorax is low down, 
access to supra- and infra-diaphragmatic areas may be obtained 
by cutting through the costal arch after the manner of Bland- 
iSutton, Duval, Kirschner, etc 

INJURTEB WITHOUT PEKETEATIXG WOUND 

Injuries of the abdominal viscera may occur without pene- 
trating wound The demohtion of buildings by an bombard- 
ment, with bnchs, mortar, non, and timber confusedly hurled 
by explosive force against the abdommal wall, may rupture 
mtestme or rend the liver without any breach of the skm. Severe 
damage to the contents of the coelom may even be produced by 
mere explosive force without any impact of debris on the ab- 
dominal panetes 
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ABDOMINAL INJURIES OF WARFARE 
In the fforgory of ovciydny bio it is Qf&rmed that severe con 
tnsiona of the abdoTninal wall are net often associated with 
internal injunea the blow that expends itself in disrupting the 
muscular layers of the panetea is said to be too for spent to exert 
its baleful action on tbe digestive tube or the sobd abdominal 
organs. No reliance is to be placed on such probobihties or 
possibilities in the damage inflicted by high explosives, I have 
no mtention of enumerating all the signs and symptoms which 
pomt to damaged mtestmo m contusions of the abdomen the 
late W H, Battle, Sir James Berry and Zachary Cope have all 
made signal contributions to our knowledge of this subject. 
Perhaps the most cogent reason for laparotomy m these coses 
of suspocted gut mjury is doubt oral where any uncertainty 
exists the surgeon should open the abdomen at the earliest 
moment ^Vhen unmistakable sign* of pentomtis manifest them 
selves the golden opportumty has been lost the patient is already 
doomed and operation is only on agonal necropsy 
The surgictd diagnosis and treatment of haemorrhage from the 
solid abdominal >’i8cera are wdl known to all operatoia. An 
ade<iuate exposure of the convexity of tbe Uvtr m order to deal 
with hver bleedmg may be impossible through the usual median 
moaion. The removal of the cartilage of the costal outlet may 
be drastic but emergeucy may demand the heroic the adoption 
of this procedure has certainly been successful on rare occasions 
m my hands Temporary control of the bleeding by compression 
of the structures m the free edge of tbe gostro-hepatio omentum 
has been stressed by Hogarth Pnngle and Grey Turner 

lAPABOTOirr nfaiaio>iB and drainaoe 
Drainage of the Abdonniud CavUtj —Where any doubt exista 
as to the propnety of drainage it is better not to dmin. Drainage 
tracks ore prone to become secoDdaiily infected with strepto- 
cocci m hospitals on the hues of communication sometimea with 
disastzouB lesuha 

Clojuns of the Abdominal Wound — Through-end through ' 
Buturea save tune but should bo used only on exceptional occa 
Bions a carefully closed peritoneum affords some protection 
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against the spread of infection from the abdominal wall to the 
coelomic cavity In cases where large masses of the rectus 
abdominis or the lateral muscles of the abdomen require mcision 
because of infection or threatened infection with gas gangrene, 
the space resultmg may be temporarily filled with gauze soaked 
m some antiseptic such as eusol, flavme, etc , which is left in 
place imder the sutured skm and removed only when it is felt 
certam that the parietal pentoneum is securely healed A 
temporary buffer is thus provided between the mtestmes and 
the outside world' 



WAR INJTIRIES TO THE GENITO 'DEmART 
TRACT 

Br G E NEUGAN M C F JLC 8 

LoOKffla bacA on the ciponenco of tbe lust war dnnng sshicli 
I was for ttvo and a half years in n clearing atntion perfo rming 
abdominal aurgeiy tho thing that atrikc* me was the comporobYe 
mnty of Y’onndfl of the kidney or tho unnary tnict ^Vhen we 
conndtr the hundreda of abdominal oucs on which we had to 
operate the mfreqnency of lodney wonnds appeniB lematlable. 
Ihe reaaon for it I do not know, except that mjuiy of the kidneys, 
relatively small organa might be loissod among the more exten 
sive and obnooa abdominal injnnea which reached the cleanng 
station The mjones were those caused by machine-gcm buUeta, 
Bhrapnel huDeta, and high-explosive shells In the next war 
regarding the matter from the point of view of cavilian injnnea, 
damage caused by the hi^-exploerve bomb and the crosb 
mg mjunea due to faHing masonxy will also have to be oon 
aidercd. 

One thmg which we discovered m the last war was, m general, 
the uBeleasneae of operating on poUents immediately they were 
brought into the station. Many men shot in the abdomen were 
received m a terribly collapsed condition anti at first were 
operated on immediately and of conrae they died The better 
way was to take some measures of resuscitation, warming them, 
end rehevmg their ptm and then when they reached the opti 
mum penod of improvement, to carry out the operaboru The 
habit of deteebng such a penod was acquired, for it was usually 
found to be a couple of hours after the case was brought in. If 
one waited longer than this the pabent began to go downhill 
again. 
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kncrwB, &o that it may be possible to explore the \cbole abdomea 
from the etomaoh down to the rcoLuuu 
SometimeB it la found that no injury haa been done to the 
mteatinea themaelvea although the patient when examined 
showed all the signs of an mtrapentoneal injury There may be 
extensive retroperitoneal haemorrhage These patients always 
suffer a great deal of shock, pain and distension In suoh cases 
the kidney is dealt with m the best way possible, with drainage 
lest there be an infection of the letropentoneal tissues. If the 
kidney itself is badly damaged with extensivo haemorrhage 
around it, it will be necessary to carry out a nephrectomy No 
time IS available m these cases to nsk doing what may be called 
&ncy operationa With these abdominal wounds the chief 
factor 18 speed, partly from the patient a pomt of view and partly 
because of the p ress or e under which the work has usually to be 
done 

In the majonty of casea, therefore, where the kidney is severely 
damaged a nephrectomy has to be performed Occasionally the 
surgeon may have the fortune to come across a case m which 
the damage was done only to the periphery of the kidney in 
which event he is justified m suturing, and may hope to save it. 
Injunes to the pelvis of the kidney are treated as m avil hfe. 
If it IS possible the pelvis is sutured, but if it is completely tom 
away then agam a nephrectomy is neceeaary 

WOtTTDS OP THE OEETZE 

Wounds of the ureter were also very seldom seen m the rush 
of warmjunes. We may of course come acrcas them afterwards 
on opening up the abdomen, though they had never been diag 
nosed at the time. In opening an abdomen full of blood and 
faeces it is essential as qmckly as possible to suture the rents m 
the mtestme or to resect as necessary and m these circomstonctf 
the ureter is hardly likely to be seen even if it is damaged, Basil 
Hughes, who worked at Salonika, had seven or eight cases, 
I think which developed unnary fistula ns a result of the wound 
of the ureter His advice was to leave them alone as m his 
experience the fistula practically always healed up 
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Tumiiig now to injuries caused by falling masoniy, we may 
get a patient witb a cmsbed wound in bis loin, witb symptoms 
limited to baematuna and no signs of any intra-abdominal 
damage or mtemal baemorrbage. In sucb a case the -patient 
would obviously be left alone and tbe effect of rest in bed be 
observed Tbe only^ circumstance that would make it necessary 
to interfere in these cases in wbicb tbe whole condition appeared 
to be eztraperitoneal would be very severe baematuna that 
refused to stop after treatment and tbe development of a large 
lump in tbe loin, due to perirenal baematoma In that case it 
would be necessary to explore tbe lorn and almost certainly 
carry out a nephrectomy. To decide as to the function of tbe 
other Mdney, tbe simplest expedient is tbe injection of indigo 
carmine and a rapid cystoscopy before tbe operation is done 

In some civil injuries of this kmd tbe baematuria ceases and 
then starts again within a day or two ; or even at a later period, 
after tbe patient has got up, there may be recurrent attacks of 
baematuria Raced witb a condition of that kind tbe kidney 
must be thoroughly examined, with the aid of either an intra- 
venous or a retrograde pyelogram, to see if any abnormabty is 
keeping up tbe baemorrbage. I have observed this take place 
two or three tunes when tbe underIving source of trouble proved 
to be a bydronepbrosiB that bad been injured. 

One case of the kind was that of a boy who, while playing 
rugger, received a kick in tbe loin. He kept on bleeding and 
proved to have a large hydronephrosis, though be bad bad no 
previous symptom. 

Another ease I recall was that of a big-game hunter in East 
Africa, one of tbe finest-looking men I have ever seen. While 
going down a narrow glade be was charged by an elephant, 
and. stepping back behind a tree, be tripped and fell down on 
tbe ground. Tbe elephant gave him a jab in tbe abdomen witb 
tbe base of its trunk, but by that time one of tbe bearers, firing 
bis nfie. frightened tbe elephant away Tbe hunter was taken 
on a streteber made of some branches to tbe local misBionaiy 
station tbirty-six hours’ journey distant, and by the light of the 
moon that night he discovered that be was suffering from baema- 
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tuna. The coDdition settled down , he came beck to England 
bnt contmned to have several moio attooks of haematuna and 
on irrflTnining hrm I found perhap* the largest hydronephrosis 
I have ever seen- 

I stress this matter only m order to suggest that m a case of 
renal mjnry with persistent bleeding the kidney should be 
mvestigated for any underlying cause responsible for keepmg up 
the haematuna- 

ObvTOUsly with an infected perirenal haematoma wb would 
have to open and d rain That may well be done later m the 
proceedings, not at the tune of the injury In the case of a person 
who has had a crush mjnry of the abdomen end is suffering from 
haematuna, with all the signs of mtra-abdonunal damage with 
ngidity pam or symptoms of intrapentoneal haemorrhage there 
would be no alternative but to perform a laparotomy and explore 
the kidney and almoat certainly a nephrectomy would be 
necessary The other mtra abdominal injuno, such as ruptured 
spleen liver or mtestmes would also have to be dealt with 

BLADDRB DTJUSISS 

In the case of men shot through the lower abdomen and the 
bladder by buDeta during the war most of the mjunes were 
mtrapentoneal rupture of the bladder although m some cases 
both mtrapentoneal and ertraperrtoneal mjunes were found 
Here occurs the added difficulty m that there may be rupture 
not only of the bladder but of the intestmes, and also severe 
splmtemig damage to the sacrum or the bones of the pelvis. 
That 18 more likely to happen with a jagged high explosive 
than with a buUet, which may go straight through- The entrance 
and ent wounds may be found, but ie patient remains unable 
to pass unne If a catheter be msarted only a little blood-stamed 
urine may be obtained. A diagnosis of bladder injury is then 
made, and tiie first thmg to do is to excase the wound- If there 
are signs not only of perforated bladder but of mtra-abdommal 
injury as weD, then a laparotomy ahonld be performed- The 
injured peritoneal wound in the bladder is found and sutured, 
the mjunes to the rectum or small mtestine are dealt with, and 
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then either a catheter is tied m or the pentonenm is stopped 
back and a self-retaining catheter inserted suprapubicaUy — the 
abdomen, of course, bemg mopped out If there is severe damage 
to the bones of the pelvis and sacrum it is absolutely essential 
to excise these wounds and remove any bony fragments that 
are lymg about If the wound is found commumcatmg with the 
bladder the bladder should be opened and an endeavour made 
to suture it from the mside A tube is then put down through 
the excised wound to the bladder, and the rest of the wound 
sutured as much as possible, after which the bladder is dramed 
suprapubicaUy These are the cases m which the damage is 
caused by fragments of sheU or pieces of bone that have not 
entered the peritoneal cavity Dramage must always take place 
m these cases, not only suprapubicaUy but from the entrance 
or exit wound made by the foreign body The result may be 
successful and the whole condition be cleared up On the other 
hand, some of these cases, while they show heahng, are left with 
various fistulae I saw one ex-soldier who passed his urme partly 
through his urethra, partly through two suprapubic fistiUae, and 
partly near the site where his ischial tuberosity used to be His 
m]ury was sustamed m the war, and he is hvmg a fairly normal hfe 
If the wound is extrapentoneal and the patient is tender 
suprapubicaUy, on passmg a catheter through the entrance 
wound a fair amount of blood-stamed flmd wUl be found The 
thing to do IS to excise the wound and track down to the bladder , 
we may then have the fortune to find m the bladder itself the 
fragment of sheU In that case it is removed, a Malecot tube is 
put m, and dramage instituted If the buUet has gone nght 
through it wiU have damaged the rectum or the bones of the 
pelvis In a case of severe damage to the rectum itself the safest 
thmg is to perform a colostomy temporarily while there is a 
chance for the wounds below to heal up, because there is no 
chance at aU so long as faecal matenal is passmg over the lacer- 
ated wounds It is always safer to dram a bladder suprapubicaUy 
than to tie m catheters, especiaUy m the conditions under which 
war casualties have to be attended The patient may have to 
undergo a long journey after the operation, and the surgeon never 
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knows whether the catheter may not get blocked or kmked. On 
the other hand, the enprapubic aelf retaining catheter u always 
safe 

Cniahing wounds of the bladder in war are very much the 
same as those encountered m civ3 life m road accident cases, 
and the mjnry of the bladder is usnally produced by a fracture 
of the pelvis The fractored ends of the bone may be driven 
mto the bladder Here agam the bladder may be ruptured 
rntrapentoneaHy or eitrapentoneolly In the former case one 
finds pnin^ ngtdity of the abdomen, and inability of tbe patient 
to pass mine When the catheter is inserted a httle mane is 
obtained. If a tmaU amount of sterile lotion be mjected throngh 
the catheter very Uttle of it comes back- In that case a laparo- 
tomy IS performed the mtrupentoneal mptme is sutured the 
abdomen is mopped out and closed Tbe safest plan is to strip 
back the pentoneum and insert a self retaining catheter through 
the t mrjir and «‘*annnla , 

On the other hand if the damage is extrapentoneal we may 
find the bladder palpable, and on passing the catheter obtam a 
good deal of blood stained urme. I have employed cystoscopy 
on one or two occasions to confirm the diagnosis and could see 
the rent at the top of the bladder In cases like that a suprapuhio 
procedure n earned out the hole in the bladder found if it is 
anywhere m the median hne, the eelf retaining catheter and 
Blalecot tube inserted and the wound sutured around it. The 
Malecot tube can be taken out afler a week, 

In consideTing tbe bladder the ftnthcr question of a fractured 
spine arises, in war there are many fractured spmes and there 
will probably be a great many more m air raids, as a result both 
of direct wounds from bombing and of falling masonry 

The question how to treat the fractured spine from ■^e bladder 
pomt of view was one that obtamed a great deal of oonsideratioa 
du r ing the war and much varied counsel waa given, some of it 
of a kind that was obviously foolish. Indeed, we were always 
gettmg new directions from the base as to what we were to do 
when a man came m with a fractured spme or pelvis and a dis- 
tended bladder First of all wo were told that such a was 
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The same principle applies to wounds m the testicle Either 
they were through-and-through wounds which were not bleeding 
and m which no particular damage had been done, or else they 
were lacerated wounds of the scrotum out of which one might 
have a testicle hermatmg They were treated exactly as civil 
m]unes, the wound being excised, the testicle removed, and 
suturmg bemg done 
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wan tJje Deoeg-.a7j jjre-oparatjve x^ray hivdy of eaoL oaho may 
"be oiniited (a r^anoJia IflvnOar). Thh maii/ir ih Important for two 
Toabonfi at least i tirot,, becawi tbe TnoiiaJity of bead woundh k 
dLiajJctlj lov.er jn tbe Jyandh of those y>l)o andwiiand them; 
and, oeeondlj, became tbe raudual djsabjJjtb:!S are hob It h 
only too ea^j to increase damage to tbe nervous system }y 
injudjcioujj operating, and />o to biave to tbe community’s ebarge 
a jaermanentiy ouippied individuaL Thora rdV be enough of 
those, "n'bate^^er bappem^ and v/batever tbeir injury; v.e must 
plan, so lar as po^-silde, to beep tbeir numbers lows 
I'fot only is tbe arrangement ol teams necessary, but they 
cannot proceed properly v.jtbout tbe correct mstruments- Tbe 
general nature of tbe^e is otandardmed, and they are easily 
obtainable. ”\^^itbont them proper v,'ork cannot be done : tbe 
old band'trepbine and hone-nihhlm^ foroapn of ancient pattern 
are not conducive to good v/orh 

xiAJWOJi: Ajcn j-rjiunionoojOAL mores 
>4 man may die of a bead v/ovnd Jjom diiJcuent causes or from 
a cornlnnation of ra/veral fafsUjro — sometimes Irom baemorrbage 
fiom tbe great vesocb. of tbe brain and dura, from injury to vital 
centre, in tbe Irrain'Stem and more ofPm in tbe bypotbalarnus, 
from consecutive cerelrral oedema; or, if be survives tbese 
thing, or ii tbe site and nature ofhi> vround exclude tbe/a others, 
from s.eptie eneepbabt]s and meningitb. A 'wound of the bead 
usually leads to vome disturbance or function, but circumscribed 
-woundh do not camaa vn<i(momouhne,io. Indeed, tbe greater 
number of tbe patrent. have sniferfal only a temporary loss of 
cors.douj7je..o, and example^ of dural penetration are to be found 
amongst tbe v. .siting v/ounded. On tbe other band, a comatose 
patrerrt r/ray or may not be going to die, a^ may one vjtb bgbter 
damage p’nhapo more beavpy infeebid. I/’be cTmn^l difiahhiy 
at tbe "time d‘i])endj, on tbe purely clsmoe faet^jT fjf the site of 
the rn]ury rti^ dejrtb and drreetion. There vrjJ] folio a the phydo- 
logcdl dehmi proper hj ihe oerebral area injured and itisca-entid 
tljat rbe rigrj,:. tbcnjld be notedi; la*. ^ '' ^ pa»taon 

of tbe vrnjnd of entrancfr ana " the 
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lirection of penetratioii. In this way the snrgeon comee to have 
1 picture of what he intenda to do, and in this way too, 

le follow the course of the case luteBigeiitly afterwards. 

increase in the signs a few days later may indicate the forma 
taon of an abscess, but if the surgeon has no record of the 
early state he will have no means of interpreting the new 
features. 

No greater mistake can ho made than to t hink of a gunshot 
wound of the head as a pure exercise m operativn teohnn^ue 
without reference to neurological aigns. Unless this oreed is 
folly consaentiously accepted wo may see paUents come to 
the operating table without any previous study And if that 
happens, how is the surgeon to know whether a superficial mjuiy 
of tie bone a groove m its surface or a fissured fracture Toqmrefl 
trcepanationl More important staB, how is he to know whether 
the dura should be opened! A deasion on this pomt 0 nerer 
very easy hut it c&nnot be made on local appearances alone It 
a ihe presence or abeenoe of signs of rntracramal distcihance 
which iB the deadmg factor The us© of the protective helmet 
allowed soUiars to suHer blows upon the head which would 
otherwise have IdOed them outoght. But, althou^ life is saved, 
the violence of the blow not uncommonly caused a oontomon 
of the cortex which led to weakness of an arm or of a leg or to 
a hcmianopia even beneath an unbroken akuIL The occurrence 
of Jacksonian epilepsy or of an aphasia after a pr o ve d pure scalp 
wound tells a story m this connection which all may read. I 
published a senea of cases which gave evidence of outspoken 
neurological Rgns after scalp wounds without damage to the 
skull, as proved both by x rays and by eiplomtiotL The fact 
that these cases existed m fair numbers sufficiently undedmes 
the pomt I wish to make. 

An important aspect of this queetiim is that of consaouaness 
and uDconsdousneas If a casualty is unconscious the omens 

are had. The reason is at once apparent we compare the effects 

of the closed fracturea of the skull of ordhan practice with 
localized open mjunee. In the former the whole brain has been 
submitted to violence so that loss of consaousness for a greater 
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or lesser length of time is the rule. In local mjunes no sacb 
generalized effect is to be expected, and most soldiers with head 
leounds spoke of having been at most temporanlj stunned, even 
when the dura had been penetrated and even when a shell ffag- 
ment was embedded. If, therefore, a patient with such an 
injury is imconscious the mdication is that severe damage has 
been inflicted on the bram by the missile In the casualties 
which survive to reach the surgeon the wounds are not always 
very deep, and the patient, though he may be confused, is often 
conscious The wounds can be graded (Oushmg) accordmg to 
seventy thus : 

1. Scalp wounds 

2 Wounds with superficial damage to the skull 

3. Wounds with severer injiny to the bone but without dural 
penetration 

4. Wounds with injury to scalp and bone, with the dura 
tom. 

5. The same as before, bat with bone fragments in-dnven and 
sometimes a retamed missile 

6 As before, but with the fragments reachmg the lateral 
ventricles, 

7. Perforating wounds, through and through the head 

8 Penetratmg wounds or peiforatmg wounds openmg the 
mastoid or paranasal sinus (cranio-facial or cramo-mastoid 
mjuries) 

Positive neurological signs may be present with even the 
simplest-lookmg mjunes. I repeat this point, however obvious 
it sounds m relation to some of these mjunes, because it is so 
important Ueural disabflities, when present, put a certam onus 
on the surgeon, who must do his best not to aggravate them by 
his treatment of the wound, and on the nursing staff m after- 
care A hemiplegia, for example, needs special nursmg attention , 
even more so does an imconscious and restless patient An 
aphasia complicates the picture by mainng it difficult for the 
patient either to commumcate his symptoms or to declare his 
wants But aU these ongmal mjunes wfll be worsened and be 
made permanent if infection develops 
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CONTAUUTATIOX AND IKPEOriON 

In general^ operation* are petfonaed on wounds of tio head 
because the patient can only m that way bo relieved of such 
symptom* as be and because we know by experience that 
if no operation i* done he runs a tenons risk of dying from 
septis, whatever his original signs may have been, little or great. 
It couxea to be the case therefore^ that the operation is planned 
both to relieve him neurologically and to prevent infection. The 
two desiderata are interlocked for infection will increase his 
disablement even if he sumveSv The eipenences of the last war 
made it elwtr that whereas vanons antiseptics had their uses 
none was so potent that it could compote with the earliest 
possible and most complete excision of the wound as the ideal 
treatment In head wounds this must remain n counsel of per 
faction, for a complete exemon of contused and contaminated 
scalp and skull cannot bo extended to the doia and brmn This 
is not BO grave an obstacle to the patient s recovery as might bo 
expected for with sldlftil treatment of the mote superficial areas 
the bram has on opportunity to deal with the injury its powers 
of overoottung mfection are considerable once devitalised tissue 
and foreign bodies hav© been removed. The worst cases will 
bo those With a deep wound with a projeotale lodged at a depth, 
whence bacterial spread may reach the lateral ventricle. It can 
be accepted as a fact that ah wounds are contaminated, and the 
longer they are left unexosed the greater the nek of the subjects 
death firom sepaia. In-dnven bone fragment* are a potent source 
of something worse than mere morbidity all should be removed, 
Dnnng the last war I had cultures taken from them, and they 
were always infected, sometimes with B vtlehii 
I have nothmg except unfavourable things to say of leaving 
head wounds untreated for two or three days, although there 
wa» a time when that pobey was advised It wns based on im 
perfect understanding of the subject. The mortahty of gunshot 
wounds of the head is found to rae step by step with the time 
that has elapsed between the receipt of the wound and the 
operation. The death rate is notably higher where operation 
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has been delayed beyond twenty-four to thirty-six hours In 
tunes of great stress such delays are unfortunately difficult to 
avoid, but the ideal of the earhest possible operation m order to 
minunize sepsis must always be borne m min d This necessitates 
careful plannmg of transport and operating facihties by the 
administrative staff 

DUEA MATER AS BARRIER TO INEECnON 

The dura mater is the important bamer ag ains t the spread 
of infection to the bram , when it is mtact the prognosis is good, 
and when it is tom the outlook is more senous All cases can 
therefore be divided mto two large prognostic groups according 
to the mtegnty of the dura mater , m tunes of emergency it 
may be difficult to decide which group to operate on first — ^the 
cases of greater urgency or those which are more hkely to make 
a good recovery 

There is a tendency to plan treatment for the most severe 
mjuries, ass uming that these are much the most common. Bnt 
m a senes of 220 cases which I reported after the great war there 
were 54 pure scalp wounds, 53 compound fractures without dural 
penetration, and 113 with laceration of the dura There was no 
mortahty m the first two groups, aU the patients havmg been 
operated upon I can recoUect, however, that deaths were 
reported elsewhere m some cases without dural penetration The 
cause of death was either severe cerebral contusion or the late 
development of a cerebral abscess In the penetratmg group 
the mortahty was 37 8 per cent This is a very much higher 
mortahty than that of civilian depressed fractures with dural 
tears and cerebral laceration The reason is that the civihan 
cases are cleaner bactenologicaUy and that the mjury is more 
superficial, even though it may mvolve a considerable surface 
area. 

X-RAY EXAMINATION 

Even in difficult tunes it was usually possible for radiographic 
pictures to be taken. Unless it is known for certam not only 
whether a missile hes withm the skull but where it is and what 
IS its size, it is impossible to operate except in a haphazard way 
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To searcli for a foreign body that is not there m aa bad as or worse 
t^han leaving one behmi A mifflole may have penetrated the 
fair and be in so silent an area of the opposite he mis phere that 
its presence conld not be snspectod nntil infection caused it to 
declare itself too late to allow of neefiil treatment. Nor is it the 
wounding miasile alone about winch information m sought. The 
number and position of in-dnven bone fragments has to be 
accurately charted, for only thus can it be known what is to be 
done and in what dnectton the feactuied portions are to bo 
sou^t. With this information and with the knowledge of the 
rimtofll ogns the operation may bo mtelhgBntly oommenoed. 

FRE-OPEttATIVE PBEPARATIONS 

No case shouid be operated on until recovered from pnmary 
shock. This IB rarely preaeiit in local wounds of the skull (thon^ 
common m the first stages of closed mjunes) unless it be doe 
to erpocuie ot leas of blood from the vascular scalp The oondi- 
taon of the patient can be greatly altered for the worse by the 
presence of associated injuries it may be these that sway the 
balsnco against him rather than the head wound. 

Head injtmes rarely call for blood tranAfusions in healthy 
soldieia, but multiple mjunes may necessitate it, and blood will 
be avaHable chiefly from the blood hanks. It might bo more 
needed for civilianfl There may be difficulty in diyn ding which 
mjuiy IS most m want of operative treatment hut, fao^ with 
the actual case the urgency of one particular wound will generally 
dedare rtsdl If the patient la f^y consaoua, or very restless 
but not comatose, he should be given an in)ection of omnopon 
1/3 gram and scopolamine 1/900 groin an hour before the opera 
tiou. The amounts of the drugs must bo decided, of ooutse, by 
the general condition of the patient m a cyanosed or nncon 
trollnbly restless man they wiD be omitted and an ether anaes 
thetio administered Just before the operation when the patient 
is sleepy the whole head should be shaved local ihavmgs often 
lead to madequato exposures and difficulties m postoperative 
dnasmgs. Before this tune careful radiological stodiea of the 
wound ou^t to be made. 
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AJTAESTHESIA 

Local anaesthesia is by far the most satisfactory method A 
1 per cent solution of novocain with five drops of adrenaline 
to one ounce of the solution should be injected under the galea 
untd a wheal half an inch high is raised , at first it should be so 
injected that the whole of the planned field is enclosed , further 
injections can be made if the pmnary incisions need enlarging 
Apart from the large menmgeal vessels and the basal dura mater, 
the whole operation field will be rendered insensitive The 
temporal muscle should be liberally infiltrated if the operative 
field encroaches on this region It is a wise plan to infiltrate the 
scalp widely, because mcisions often have to be earned further 
than IS at first apparent 

POSITION ON THE TABLE 

The patient should he comfortably on his hack or face, accord- 
mg to the position of the wound , the head should be shghtly 
raised above the level of the rest of the body to prevent venous 
congestion and turned to the appropriate side. His wrists 
should be tethered to the table but given two or three inches of 
Reedom, and the towels be so draped that he has a free au'Way 
Restlessness under local anaesthesia is often due to a feehng of 
suffocation or to overheatmg, and these two things must be 
avoided The held of operation must be easily accessible if 
unnecessary difficulties are to be prevented Correct positionmg 
on the table marlrs a distmction between those who are experi- 
enced m mjunes of the head and those who are not A tr^y 
for instruments should be placed across the table, cleanng the 
upper part of the patient’s chest by some six or more mches 
Such a tray may be fixed to the table as part of its mobile equip- 
ment or be on a stand alongside By draping the towels over it 
a tent is made, allowing of access to the patient’s mouth and 
nose Oxygen can be given by pmnmg a funnel attached to a 
oyhnder to the covers inside this tent An arrangement of this 
sort IS most important If towels are wetted m mercury per- 
chlonde solution, or become wet as the operation proceeds an 
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pimg about the patient s face they cause him such respiratory 
embarrassment that it Trill be impossible to do good surgery 
There is much m favour of using wut towels, wrung out of 1 in 
2 000 merconfll solution in place of the dry ones usual in civilian 
asepbo surgery Four should be arranged to leave a square 
enclosing the operation field Wet towels are more easily draped 
to the contour of the head and do not shp easily A stitch or 
two may be used to fix them. Practice teaches how beat to do 
tills All towels are arranged to run off the patient s head on 
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to the tray before mentioned ood the whole covered with a dry 
sheet with on openmg eight inches in diameter near one end to 
give access to the wound 


THE BC.UJ* 

The incision will necessorfly be detenmned by the shape of 
the scalp wound its dimensnona will depend on what « required 
for the exposure of the bono or brain. The edges of the scalp 
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wound must be sparmgly excised, and it is m this phase of the 
operation that excessive blood loss may take place if the skm is 
not adequately exsangumated by digital compression until 
bleedmg pomts can be controlled by haemostats If no deeper 
mjury is disclosed no more is necessary, but when the excision 
IS only the first step m a bigger operation, extension wiU he 
needed 

It IS the custom m surgical textbooks to display diagrams of 
plastic mcisions to allow of the closure of scalp wounds Most 
of these are bad. It is a simple enough matter to illustrate long 
tension mcisions through the whole thickness of the scalp to 
allow of wound approximation, or to mdicate shdmg flaps of 
different sorts with the same object In practice, however, each 
mcision leads to severe bleedmg, and there is no way of stoppmg 
it except by sewmg the skm of the gaps down to the galea — a 
tedious and unsatisfactory process Indeed, the bnefest experi- 
ence with such methods leads to then abandonment 

The tnradiate has been proved the most generally useful 
mcision (Tig 8) Its advantages are that an adequate exposure 
can always be obtamed, the minimum of gape occurs if the 
wound breaks down, and dramage tubes can be convemently 
placed A glance at the diagrams wiU make the prmciple plam , 
the sketch illustrates the very long mcision needed to close some 
woxmds, but not all Any type of mcision except the tnradiate 
wdl rarely be needed Semicircular skm flaps such as are made 
m neurosurgery for the turning of osteoplastic flaps are best 
avoided They may have to be used m the temporal and occipital 
regions where the tnradiate mcision is unsmtable, as a hmb 
would have to be earned on to the face or neck In the former 
the limb is cosmetically bad , m the latter the tissues are stiff, 
fatty, fibrous, and vascular. 

THE SKULL 

The treatment of mjunes to the skuU is a relatively easy prob- 
lem depressions should be raised and loose fragments removed 
rather than replaced because of the fear of infection , calvanal 
defects can be repaired without difficulty at a later date A 
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depressed fragment is best approached through a burr hole sunk 
over the sound skull 1 6 oul from the edge of the defect the 
advantage of manoeuvre is that normal dura mater can be 
defined with certamty and from this start its tom edge can be 
identified and followed around the wound Unnecessary damage 
to the dura is often done with the nibhlmg forceps if the fractured 
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edge M attacked directly Depressed mterlocked fragments are 
to be removed by a block resection, burr holes being sunk at 
four pomts m sonnd skull around the depression and these 
connected by linear ents made with a Gigh saw de VilbiM or 
llontenovca forceps (Fig 9) If donhle-actmg bone-nibbling 
forceps of the Stille pattern are not available it is better to nse 
block resection. The older kinds of rongeurs jar the patient 
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uncomfortablj and make hm restless Rrohahly the chief 
advantage of block resection is that it is more apt to ensuie a 
Bnfficientlj Tvide removal of the bone around the injury. A 

margin of at least 2 cm. should he cut all round the dural lacera- 
tion 

What should be done with a linear Racture^ The answer 
depends on another question What are the subject’s neuiolo- 
gieal signs'^ If there are none, and if there is no foreign material 
jammed in the crack, it may be left alone But if signs are 
present the bone must be burred through and possibly the dura 
opened 

Tractures of the base ivith the dura tom openmg into the 
middle ear are serious because of the danger of menmgitis deve- 
loping The external auditory meatus should be swabbed clean, 
never syringed, and a w’lsp of carbolic gauze packed in very 
lightly ; the external ear and face should be cleaned and covered 
with a large sterile dressing Pneumococcal infections may arise 
fi:om comcidental injury of the paranasal air smuses Fortunately 
these wounds are not common, for they are senous. It is better 
to remove sparingly the anterior wall of the frontal sinus if it is 
injured. 


THE DUEA JIATER 

The question will often arise whether the dura should be 
opened. The reader should know now what the answer will he 
If there are definite signs of intracranial damage, if the patient 
has localizing signs, if he has severe headache or is more stuporous 
than he should he, the dura should he incised This should more 
certainly be done if the dura is dark blue in appearance, for this 
indicateo blood beneath it An incision will lead to its release 
and often to something more — the extrusion of pulped hram 
tissue This should he v^ashed and sucked away and then the 
dura cloocd again Closure is important, for otherwise a super- 
ficial mfecAion of no great virulence m itself may spread deeply. 
For this reason tlnve is one important contraindication to in- 
cising the dura— namely, established sepsis in the wound If a 
casualty has Iain out for three or four days it v.iU he safer not 
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to open the dmn if it is intact and to i«gsrd him as ft cose of 
potential cerebral abscess, 

THE ■WTDUITD TIUOK W THE BRAIN 
If good results are to be expected and no further damage done 
to the snrtoniiding bram^ the minntiao of the nourosnrgicnl 
teohniqne most bo closely observed. The operation is planned, 
not to relieve say, a hemiplegia, but to extirpate as early as 
poscblo the agcnti ivhich caused it. AH msmpolations should 
bo out very gently the wound must not bo packed with 

ginse. Suction is most nsofol when available Cotton wool 
should be used for swabbing rather than game though the 
latter b quite permissible for scalp and bone Heavy pressure 
or retracticm on the bmm not only cause* further cerebral con 
tuBion but also seta up oedema The mebculous avoidance of 
pressure and the care^ sealing of vessels are two of the mam 
differences between the technique of general surgery and neuro- 
surgery As the object m treating open injury to the hmm is 
the prevention of infection by the removal of dead tisaue, m 
dnven bone, and foreign bodies, the importance of careful radio- 
logical studies before the operation is started cannot be unduly 
■tressed The nmnber of fragments removed should tally with 
the pre-operatiT6 count 

TheoretKsally the edge of lacerated dura mater ou^t to be 
excised because it can be presumed to be infected. Eiqjenence 
however has shown that not only is this unnecessary hnt it is 
inadnsable because adhesioas rapidly fonn betweeu the swollen 
cortex and dura mater these form a natural harrier against 
the spread of infecbou into the general menmgeol spocea. ^Ve 
should see meningitis more often if the dura mater were so widely 
removed that access was easy from without to the leptomeningeal 
spacet. 

If the Wound has no particular depth a superficial toflet by 
■yungmg with hot saline and the extraction of bone fragment*, 
aided by the patient s coughing or Btrammg to cause the extrusion 
of debns, is all that is necessary If there is a deep traok further 
■tape must be taken. The am will be to clear the track of formgn 
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blood, and the bleeding becomes uncontrollably profuse The 
surgeon mil see to these things beforehand (including the ob- 
tauung of muscle as the first step) if a wound encroaches at any 
part of the surface marking of the sagittal or lateral smsues It 
IS wiser then not to use the block removal method, smce the 
elevation of the fractured area may cause an unpleasant haemor- 
rhage The bone over the laceration is better removed piecemeal 
by mbbling forceps until the tear is freely exposed m its whole 
length and on both its sides , it is useless attemptmg any kmd 
of repair untd this step has been accomplished The type of 
repair wfil depend, of course, on the nature of the injury If 
the contmmty of the smus is completely broken, each end must 
be encircled mth fine sdk thread and the hgature firmly tied 
Longitudmal or incomplete transverse tears may be repaued by 
closmg the opemng mth grafts of muscle, hammered mto thm 
sheets These Horsley muscle grafts are very efficacious, as they 
stick hke postage stamps across the gap m the smus, and of all 
the known methods they are the most easily apphed and the 
most commonly used. 


WOUND CnOSUBE 

A careful closure of the wound is essential if good results are 
to be expected the aponeurosis should be pulled together with 
buried sutures of the finest silk and the skm edges opposed mth 
great care Catgut is a bad matenal for buned sutures m the 
scalp It can be stated mth some certamty that any wound 
that can be drawn together purely by buned sutures is not under 
too great a tension so far as the skin flaps are concerned This 
IS aided by dissectmg them up mdely by touches mth the 
scalpel m the loose areolar layers between galea and pen- 
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EPILEPST 

Convulsive Beimiea of focal or generalixed types may develop 
either ■within the first days of acute head mjnnea or late The 
retamed miiunlp! ib of no parbcular importance m the prodnotion 
of these neural eiploaiona it la the cerebral mjury that matters 

When epflepsy occurs m the earty stages, as it may the seuurcs 
are due to local haemorrhage or oedema, and may be controlled 
by mtramuscular mjections of luminal 3 grams or by large doses 
of bromide and chloral given orafly or by rectal mjectioiL Lum 
bar puncture should be done to see if menmgitii is the cause , 
often it 18 not. The question of late epQepsy does not come 
within the scope of this discussion suffice it to say that it can 
be erpected m a very large proportion of cases when the dura 
has been perforated and parbculaily when there is a cortical 
scar adherent to the >ihin It may develop at any time after the 
mjury and I have known it to occur for the first tame twenty 
years later 


MENTNamS AND VBTEEICTJLAR INFECnON 
Althongh on theoretical grounds infection of the meninges 
ini^^t well spread widely from the mte of a cortwal wound and 
be a common cause of death, experience shows that it is relatively 
rare The meningeal spaces become sealed off by oedema of the 
bram around the contused ares and a defensive bamer araea, 
partly mechamcal by obliteration of dead space, partly the 
result of sealing of blood clot (Fig 11) When operative cleansing 
of the wound is undertaken reasonably earlv this bamer is 
sufficiently effective to pre'vent major disaster The pr ese nce 
of leucocytes and even polymorphonuclear cells m the cerebro- 
spinal fluid IB no indication that a fatal meningitis is established 
or even on the way Pleocytosis of kind will often subside 
without its ever having been poasible to grow organisms from 
the flmd. Even when there is bacterial infection death does not 
ucocssarfly follow thou^ it of course signifies a grave condition. 
E*pen®uoe taught me that the worst examples come from a 
deeply extendmg septw encephalitis that infects the ventricle. 
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Once this has happened the cerebrospinal fluid circulation wastes 
tbe organisms widely tbrough the ventricular system and will 
carry them to the full extent of the Jeptomemngeal spaces The 
majority of these patients die The moral hes m the need for a 
most careful cleansmg of the wound and the avoidance of any 
rough, and particularly any blind, procedures earned deeply 
into the cerebral tissues 



Fig 11 — ^Diagram of common route of infection in bead -n-onndB 
The local mjniy is sealed off by adhesions (A) Local meamgitiB 
(B) Basal meningitas, by rentocular infection escaping through 
the foramina of Jlagendie and Luschka Fig 11 is reproduced 
from the Bnixsh Journal of Surgery (1919, 7, No 26), by kind 
permission of the editor and of the puhlwbers 

The treatment of menmgitis consists m repeated lumbar 
punctures (two or more daily) or contmuous lumbar dramage 
by keepmg the needle tn aitu for two, three, or more hours, 
aided by chemotherapy. The last is the most important of aU 

craiEBBAn fungus 

If a wound does not heal by first mtention, and especially if 
the scalp has been closed under undue tension, the edges of the 
wound will part m the middle and a cerebral fungus develop 
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the head, the positioning of the patient, and local infiltration of 
novocain It is a mistake to assume that the urgency of opera- 
tion IS so great that all surgical ideals should be discarded There 
are now enough neurosurgical centres, and techmque is so 
standardized that all likely to have to deal with these war wounds 
can obtam an mtroductory training which would fit them to do so 
There is one last point, and that is the value of keepmg the 
patient m the hospital where he has been operated upon for at 
least ten days afterwards The results are better if this can be 
done, not only because travelhng upsets the patient, but chiefly 
because some contmuity in treatment is of the greatest import- 
ance It IS naturally extremely difficult for a fresh group of 
people to imderstand the exact nature of a lesion hidden beneath 
a newly sutured scalp 

I wish gratefully to acknowledge the assistance of Mr G E 
Rowbotham m the preparation of this paper 
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THE ilENTAL ASrECTS OF A R.P 

B\ JOHN RICKiLVN ilJ) 

TnE mentfll aapccta of A R P arc important, bocnuto if there a 
panic or loss of nene’ all other ARJ? vrill bo unANmiling 
The more general aspect wiU be stated hero. 

Modem warfare u waged on two fronts — militar) and civnian 
(Umgdon I>a^^ca, 1053) On the mihtary front men must m the 
face of death work hko parts of a machine their emotional life 
meat be centred on their regiment and their oicrj action most 
be shaped to continoo the octivit) of that well recognued group 
of fellow men If this loyalty la enough to proNTnt dcraoroUia 
tion the task of the attack is to pound tho men themselves to 
bitfl physically On tho civdian front, on tho other hand the 
task of both tho attack and tho defence is difTeroDt. Tho civilian 
population IS not OTgamredmto regiments which by special tram 
mg and tradition claini and uisptro the self forgetful devotion of 
mdividaali. Group-feehng is divided between tho family work 
mates, and to a >’Qryiag extent the nation itself (represented by 
the King and by political and social institutions) Further tho 
land of response required of the civihan population is difTeront 
from that required m the Army Business as usual Keep 
the home fires burning are war tunc slogans which have an 
important nuhtnry aigniflcance, atandmg for tho normality of 
life fox which tho stmgglo is being waged The task of tho attack 
IB to disoTgamze the morale of tho avilmn population of the 
enemy a thing which can be achiovod by arousing so much nerv 
ous apprehension that the slogan Safety first ' will bo spon 
taneoualy in everybody s mind. The object of the attack must 
be to moke the population give up trying to live a normal life or 
thin ki ng of a normal day^s work , the weapon is fear For the 
defence to be effective the population most feel that they arc 
being wen and resolutely led that thar liberties are bemg pro- 
167 
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the head, the positioning of the patient, and local infiltration of 
novocaiiL It is a mistake to assume that the urgency of opera- 
tion is so great that all surgical ideals should he discarded There 
are now enough neurosurgical centres, and techmque is so 
standardized that all likely to have to deal with these war wounds 
can obtain an introductoiy training which would fit them to do so 
There is one last point, and that is the value of keeping the 
patient in the hospital where he has been operated upon for at 
least ten days afterwards The results are better if this can be 
done, not only because travelling upsets the patient, but chiefly 
because some continuity m treatment is of the greatest import- 
ance It is naturally extremely diflicult for a fresh group of 
people to understand the exact nature of a lesion hidden beneath 
a newly sutured scalp 

I wish gratefully to acknowledge the assistance of 3Ir C- E. 
Rowbotham in the preparation of this paper. 
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THE MENTAL ASPECTS OF A.RP 

By JOHN RICKMAN HJ) 


Tub mental aspects of AHP are unportnnt, because if there is 
panic or ‘ loss of nerve ' all other A-R P be tmavailmg 
The more general aspect viU bo statod here 
Modem Trarfare is vraged on two fronts — mihtary and civilian 
(Lingdon Davies, 1938) On the military front men must, m the 
face of death worh like parts of a machine thear emotional life 
must be centred on thar regiment, and thmr every action most 
be shaped to oontinue the activrtv of that well recognised group 
of fellow men If tha loyalty is enough to prevent demoralisa 
tion the task of the attack is to pound the men themselves to 
bits physically On the avihan front on the other band, the 
task of both the attack and the defence is diEerent. The civilian 
population IS not organised into regiments which, by special tarn 
mg and tzadition, claim and mspiie the self forgetful devoticm of 
mdmdaalt. Oronp-feehng is divided between the family work 
mates and to a varying extent the nation itself (represented by 
the King and by pohtical and social institutions) Farther the 
land of response required of the civilian population is different 
from that required m the Army Basmess as usual , Keep 
the home fires bunung are war tune slogans which have an 
important mihtary significance, standing for the nonnalitv of 
life for which the struggle a being waged- The task of the attack 
IS to disorganise the morale of the avihan population of the 
enemy a thing which can be achieved by arousing so much nerv 
ous apprehension that the slogan Safety first will be spon 
taneously m everybody’s mini The object of the attack must 
be to make the population give up trying to live a normal hfe or 
t hmlnri g of a normal day’s work t^ weapon a fear For the 
defence to be effective the population must feel that they ar© 
being wen and resolutely led that their libertiee axe being pro- 
107 
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tected, and that protection from danger for mdividuals is fairly 
distributed 

PAOTC 

The word pamc is used loosely to describe a number of 
conditions , it may be defined as a condition m winch the mdi- 
Yidual experiences the highest degree of dread, m which his social 
ties are temporarily severed to a greater or less degree, and m 
which he loses self-control The degree of actual danger is not 
the sole causal factor , mdeed, no one factor causes it A pre- 
disposition to nervous states plays a large part , there is some- 
thmg m the mmd of the predisposed which goes out to meet the 
danger half-way, and thus m the imagination reinforces it In 
deahng with pamc the difficulty is to control the imaginative or 
fantasy element, which is influenced by the unconscious part 
of the mmd 

The anxiety conditions associated with acute war danger found 
m normal people may be divided mto four stages 

1 The prodromal symptoms lastmg from a matter of seconds 
to hours or longer, characterized by the feebng that one will not 
be able to mamtam self-control much longer If the danger goes 
off, or if “ moral reinforcements ” turn up, this may end the 
manifest trouble 

2. The acute stage, characterized by motor overactivity (occa- 
sionally paralysis) of the voluntary or mvoluntaiy muscular 
systems, more rarely by stupor or a wish to sleep During this 
stage the person may stdl be accessible to “ moral reinforcement ”, 
the power of response to leadership is not lost, and the answer to 
command may be prompt It should never be assumed that be- 
cause a person looks “ jittery ’ nothing can be done to steady him 
'Fa iling such reinforcement this is the stage where mdividuals 
scatter, break formation, and run from then friends and duty 

3 The chrome stage, m which there is a dimmution of motor 
activity and return of sphmeter control, but appetite is disturbed 
and there is msomma Above all, the return of “ social sense ” 

IS slow, the response to command is feeble or lackmg, and the 
mdividual has lost his sense of belonging to a group 

4 The stage of resolution consists in a resumption of social con- 
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tact, respoino to commoiid, realization of responsibility, and 
retuni of self respect. To repeat it must not be assumed that 
because a person 18 ‘all Jittery nothing can be done for bun , his 
need of help is obvious, and m man) cases can be effectively mot 
The effects of high oxploarvo fortunately do not bring funda 
mentally new problems for the psvchologist to deal with the 
aetiology of this kind of neurosis m basically the same as that of 
the more famfliar peace-time varieties (Jones, 1918) The strain 
of war conditions leads tothe reactivation of latent neurotic con 
diets wluch originate m infancy and smcc these ore literally un 
conscious the subject is unprepared for them and cannot control 
himself when faced with what is to him an mtolerablo danger 
The aetiology and prcphylons of panic has been discussed at 
some length elsewhere (Rickman 1938) but something more 
must be said of the part played by ‘ moral reinforcementa m 
overcoming an attack of nerves 

BTTECT OP ” MORAI* REmORCEiiESTS ’ 

Though an anxiety attack m adult life may be proerprtated by 
a present danger the character it takes will depend not bo much 
on the nature of the donger as on the mdrvidnal s own mental 
make-up which m turn a based on the wav m which he managed 
to overcome his anxieties at a tame before bis character became 
consolidated — namely m infancy As an emergency thcrapeutac 
technique we may employ in the case of the adult those measures 
which were effective m overcoming the early anxiety attacks. 
What were the moral reinforcements then used! Three mm.i 
ones may be signed out (a) manipulative acUvitxe* (6) work 
for others and (c) mombership of a group 

The petformanoo of purpoecfol acts ( mampulativo aotivitios 
Bj ven, 1920) helps the individual to get command of hu " nerves ' 
and to aDay ha fears The military objective of returning a mnn 
or woman to duty has therefore a therapeutic value if the mdi 
vidual B mental co-opomtion can be obtomed. The co-operation 
18 best achieved if the person can be got to feel that he is domg 
something for those with whom he has close tie*— that is, he can 
make good the damage done m fantasy under the influence 
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of aggressive impulses. It must he remembered that pam'c, and 
amaety states geDerahj', are a mixture of apprehension on account 
ofexiernal danger, and of anxiety and guilt on account ofinierwjl 
unsocial and egotistic impulses — ^that is to saj^, there is a mental 
conflict in the unconscious part of the mind in ivhieh both tender 
and hostile thoughts direc-ted to the same person are trying to 
And outlet This confiic't produces guilt as well as anxiety, and 
for a proper understanding of the anxiety reaction the guilt 
element must he appreciated as well as the influence of the 
external danger. It is the guilt component which makes the 
return of the indiTidual to his place in the group a difficult step 
(On the other hand. Authority, for its part, must show leadership 
and capacity’’ to reahze the needs of the people, mental as well as 
physical : to govern — that is, to keep order and dispense justice 
fairly ; and to pro^eci — that is, supply essential needs of physical 
and sanitary protection and provide food and distribute all 
impartially, j 

THE SOCIAL imED 

These considerations have practical hearings The indindual 
must be regarded not only as bemg a neurological entity, so to 
speak, but also a human creature v.ith a strong social need His 
dependence on the good vtih of his fehor^s and his need to give 
help to them are as much a part of his mental make-up as his 
upright posture and de^^eloped cortex are of his physical make-up. 

The strain of war conditions m the direction of disturbing 
morale will affect a small proportion of chulian population seri- 
oT islj and a larger proportion subhminaUy. The aggressive 
impulses, mevitahly mobilized, do not And adequate and im- 
mediate outlet, and the indrvrdua] when dealing with the in- 
creased men’tal tension dreads uneonscio'usly that he uiU become 
aggressive to bis friends instead of his foes He does not rn these 
circumstances trust himself ^tith his friends, and therefore his 
social bonds and his self-confidence are impaired 

EESTOEA170X' OE HBnF-COJCEJDEJvCE 

The handling of the indiridnal in the early stages of panic, 
and indeed the whole question of morale in a group if one of its 
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meuibeiB “ gives "way ’ , turns upon the moral roinforoemonta 
wbch can be mobilmjd- In an emergenoy the question is, What 
short out can be taken to restore self-oonfidencel The physician 
cannot, of course rely on the patient being reasonable any more 
a m n fit of terror can bo reasoned with, so he must 
deal with the irrational apprehensions which rob the patient of 
his self poaeessiom To deal with such a situation the physician 
should try to discover or guess what sort of thmg the patient is 
ansous about rather than to discourse to him abont what he 
should do or think. Diagnosis and subsequent handling depend 
m a large measure on making the right guess as to the nature of 
the anxieties at the back of the patient s mind Just as a child 
m these mroumstanccs needs assurance, so does a pamo-stneken 
adah the patient demres something to make the fear less and, 
speaking generally that something is a person who will soem to 
the patient to be stronger than the honors which haunt hum It 
ts not a case of making the patient mvulnarable to external 
danger (Physical protection is a help but to be effective must 
be reccgnixed as such fears often blur the judgmont badly even 
on this pomt,) The important anti pamo measure (other than 
providing for physical scotmty and an adequate outlet for the 
aggreasrve and constructive impulses of the population — which, 
after aH, b the duty of the Government) b to eliminate fears of 
mtemal danger or going mad or of r unning omuok, and to 
do this the helper must appear m the patient s fantasy as a 
steady and kmdly parent figure a reassuring representative of a 
good or respected authority 

THB DOOrOB AS A MORAL REHTFOECEJCEKT 
The doctor m virtue of the role he b assigned in his patient s 
f^tasy (as well as because of hia actions) os fitted to play the 
part of a moral reinforcement to distracted people but if 
the profession b gomg to take responaibihty for the qmetmg of 
emotional crises it la detnablo that those who are mterttted m 
this should prepare themselves m advance for this trying duty 
Every qualified man knows when he is called to accident what 
to put m hts bag, or when ha gets to the scene what he can do m 
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tie way of first aid Rirst-aid posts are being estabbsbed for 
physical injuries and are being equipped with appbances that 
experience has shown to be necessary First aid in psychotherapy 
does not require much in the way of outfit, but calls for every bit 
as much traimng of personnel and as much foresight m admim- 
stration The knowledge that such provision is bemg arranged 
would itself be a reassurance To give only one instance of the 
reassurmg nature of medical knowledge, it is important for 
doctors to know that the last war did not m fact mcrease the 
amount of insamty m the community, or m the Army If people 
can say that the war danger wiU dnve men mad they can be told 
with truth that generally it does not have such effects In this 
work the medical profession will co-operate with the pohce (aUies 
expenenced m deahng with a distracted populace) and also with 
the air wardens These enthusiastic but generally less expen- 
enced men wdl need the help of doctors, who wiU sooner or later 
have to take over responsibility for teachmg the psychological 
as well as the physical first aid 

SUMMABT 

The mental aspects of A R P cover a wide field — namely, the 
morale of the population and the reasons for the breakdown of 
morale m the mdividual The progress made m the field of 
mental pathology smce the last war should enable us, by a 
deeper rmderstandmg of the role of anxiety and guilt m the 
mental make-up of the normal as well as the neurotic subject, 
to see m advance better than formerly where trouble wdl arise, 
and how to meet it The medical profession should take senously 
the responsibdity for trainmg themselves and auxiliary personnel 
m the handhng of anxiety or pamc cases, and should not delay 
m begmmng preparations 
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PSYCHOLOGICAL EMERGENCIES IN 
WAR TIME 

Bt MAURICE B WRIGHT, MD 

Ih any war with modern weapons of destruction, psychological 
emergencies or as they are more often called, psychiatno 
casualties will be much the same m chamoter although the pro- 
portion of the different types of casualty may vary During and 
after the great war many book* were written desoribmg the dif 
ferent types of psychiatno caanaltaea both m this and m other 
oountzies. After twenty years much of this literature has fa l laD. 
mto obhvion, and a generabon of znedic&l men has ansen to 
whom war neuroeis and psychiatno casualties are largely nn 
knowiL It is only the recent polrtacal situation, with the ever 
present threat of war that has brought the whole subject out of 
the oblmon into which it was gradually droppmg It a recog 
nig^ by all thmkmg men and women, medical or lay, that the 
psychiatno casualtiae m the present war of the character we are 
told we must envisage, may have even more far reaching effects 
than physical casualties, loss of life, or material destmctiom It 
IB a problem that everyone, at any rate m our large towns is 
having to face — not so muoE 8haD I be killed or mjuredi ' 
but Con I face it shall I break down shall I keep sane or 
normal under the conditions I may have to endure! There 
can be no question that many perhaps most, of us cannot feel 
quite sure of the answer 

I think it M nnposaible to estunate with any oertamty the 
number of psychiatno casualties that will have to be dealt with 
if any aviliau population is ejqiosed to frequent and mtense 
aenal bombardment, Dunng the great war psychiatno raimaltip* 
occurred among disophned troopa, mainly young and to some 
extent at any rate selected all of them subjected to a training 
173 
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wLicIi would make for tke raismg of morale and obedience to 
orders War directed against a civilian population exempts no 
one, excludes no one The morale of a civihan population is im- 
possible to assess beforehand , it will depend on many factors — 
to a certam extent on class, to a greater extent on the density of 
the population exposed, and probably to the greatest extent on 
the adequacy of the protective measures and the confidence these 
measures inspire The civdian population must be treated as if 
they were combatant troops , they must be under authonty and 
know what to do and what to avoid domg m case of emergency 
The authonty also must not be remote, but, like a battahon 
commander, be personally known and accepted before the 
emergency arises 

The following attempt to classify psychiatnc casualties is 
based on experience durmg the last war, both personal and com' 
mumcated lake all classifications, it must be to some extent 
arbitrary , types will not always be clear-cut, and exact diagnosis 
will often only be possible long after the case has left the casualty 
clearmg station for special psychiatric hospitals The classifica- 
tion attempts to represent the various forms of psychiatnc 
casualties which may be admitted to first-aid posts and casualty 
clearmg stations, and is not meant for the skilled psychiatrist, 
whose services may very often not be available It will probably 
be useful to try to divide the admissions mto the following 
groups . cases of simple terror , anxiety hystena , conversion 
hysteria, inclu ding hysterical stupor , concussion , andpsychoses 

SIMPLE TEEEOP. 

It must always be remembered that terror is not in itself patho- 
logical , it is a normal biological response to stimuh which are 
felt, rightly or wrongly, to be a threat to life or are entirely foreign 
to aU previous expenence It is, as a rule, a short-hved reaction 
and passes quickly, either by getting mto safer conditions or 
when the danger has passed In cases of simple terror the instinct 
of self-preservation is m action, but not to such an extent that 
habituation to dangerous conditions is impossible , and, as the terror 
passes, purposive action m the mterest of the group is agam possible. 
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It lita been Mid that during a raid first-aid posts and canalty clear 
mg stataons will be filled witb terror-etncken people I tbmk this 

Bdoubtfnl mostofthosemastateofsnnpleterrorwillstBy where 

they are or go where they fe^ safer and a great majority will 
overcome the terror and if they have a job to do will cany on 
How cau we differentiate the real cowardt The real coward a 
a coward always and all the tune — m situations of da n ger the in 
stinct of self preservation a always uppermost he will see to it 
beforehand that he go at once to safety and nothing will 
move hrm he n not always overtly temfied To quote what 
has often been said, The brave man is afraid of bemg afraid 
the coward a afraid of bemg brave, 

auxuri'Y HYurzBiA 

In peace tune the label annety bystena is given to by far 
the greatest majority of neurotio maladjostments and illnesses 
and inchides a very great vanety of psychological as well as 
somatic disturbances which are found to be related to anxiety 
and the anxiety u m perhaps most cases conditioned not so much 
by arti^inial conditions as by rDtemal conflicts. As a prvohcK 
Ic^cal eme^enoy in war the anxiety hystena wiD resemble the 
severer forms of annety attack seen occasionally m peace time, 
but will, at any rate, apparently be more defimtely related to the 
dangerous situation, whether past present, or anticipated. 

It win be important to tiy to differentiate the real anxiety 
hystena from the attack of simple terror It will not always be 
easy but there b one difference which although it is not mvari 
ably true i* of fairly general apphoatios In the anxiety hystena 
the emotional response to the situation has ceased to ^ bio- 
logical and therefore to some extent useful, but has become patho- 
logicaL The instmct of self preeervation has often ceawd to 
operate flight, or any purposive action of effort of wiH to over 
come the terror has become impaeeibla. The emotional up- 
heaval B so great and the somatio accompanmientB of fftftr are ao 
intense that no amount of reassurance, or removal to a place of 
safety no appeal to any ego ideal of oourage, eherts any response 
for the tune being The individnal has regressed to a more 
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primitive level , tlie effect of fear on, the whole autonomic system 
has for the tune being put out of action the higher centres of 
vohtional control. 

Severe cases of anxiety hystena will not come themselves to 
the casualty cleanng station or ffrst-aid post, they will be 
brought there, often as stretcher cases, durmg raids or shortly 
after , they may be brought m from the streets or an raid shelters, 
collapsed and tremulous, or wandermg m a purposeless way with 
clouded consciousness or even amnesia , near to any severe 
explosion, they may be found ljung apparently unconscious m 
the state of hysterical coma or stupor which will be referred to 
later Between raids they will be brought to hospitals by then 
relatives, perhaps 6om homes close to a bombed area or from 
distncts qmte untouched — ^perhaps not such severe cases as those 
occurrmg actually durmg a raid, but quite impossible to nurse at 
home There is a constant expression of terror, a coarse tremor, 
sweating, and tachycardia , they scream sometimes if touched, 
and some he cmled up under the bedclothes m the intra-uterme 
position These are the severer psychiatric casualties which wiU 
most certainly occm m bombed areas They may recover fairly 
quickly from then acute symptoms imder hospital conditions, 
but evacuation is imperative, not only for the mdividual but 
because, if these cases are sent home, they wdl certainly relapse 
and become sources of “ infection ” to those around them who 
may be themselves on the verge of breakdown I beheve it to be 
most important to realize that many milder cases of anxiety 
hystena may need to be evacuated, not so much for the sake of 
the mdividual as for the commumty, who may be infected by 
then anxiety and themselves become less tolerant of stress 

CONVEESION HYSTEEIA 

It may be wise even nowadays to restate what it is that is con- 
verted m conversion hystena It is anxiety that is unconsciously 
converted mto some disturbance or even complete inhibition of 
a somatic function This is true, and always true, not only of 
war conversion hystena when the anxiety converted is the result 
of temfymg external situations, but also m the conversion 
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hyatfliiA of peace wlieii tte anxiety tf more often of eniio- 
peychio n ngin The oonveioon hysteria* are modes of dealing 
•wi^ anrl often completely inhibitmg anxiety The hystenoal 
pareses mutism, aspbaa», deafeeas blmdneas — all are the result 
of acute anxiety bxrt converted into the somatio distorbanoes 
and no longer felt as such. The hysterical paraplegic, the aphaaic, 
the deaf— all of these have ceased to be anxious about the original 
traumatio experience and even any anxiety about the actual 
symptoms seems often non-enstent. It is the same m e cha ni sm 
in the hystenoal fugues amnesias, and ttupors many of which 
may he seen as psyohiatno casualties 

Much has been written about what is called the penod of 
latency the interval that often elapses between the mitial shock 
or production of acute anxiety and the development of conver 
aaon symptoms. It has been called the penod of suboonscious 
elaboration, or, by soma French wnt eis the penod of mmmaticm 
From some of these writers one gets the nnpieenon that they oon 
sider that m the penod of rummataon there is a sort of consaons 
attempt to avoid the anxiety by means of convemom I do not 
believe this is true, the conversioa symptom ts not consciously 
willed, and whatever happens m the latency penod is earned out 
uot m the field of cousoousaess but at deeper unconscious or pro- 
conscious level* Nothing » known definitely about what does 
ooour or how the conversion is made we may speculate but 
certainly m my opinion, we do not know 
ConverEon. hystenas are true dis*ocaateon* of conaciou*nesB , 
the hysteno has no awareness of the function which is kwt, 
whether it is speech or some part of memory or motility It is 
•perhape related ta thi* that w> many oa»» of wtmsTKiOTi hvatenJi 
m war tone are nutiated sometime* suddenly without anv 
latency penod by any momentary leas of consmousiiMe, such a* 
may occur m proxnnrty to a severe explosion or on being momen 
terfly buned under a fall of earth or debus. There is probably 
no true conouasion, and they do not present the symptoms of 
casee of true concussion. On© striking fact emerged darmg the 
last war and was confirmed by an observers By &r the greatest 
proportion of cases of conversion hyitena oo curred among the 
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men in the ranks, comparatively few among officers There may 
be many reasons for this , m my own experience the true con- 
version hysterias often occurred among the rather naive, simple, 
not very mtelhgent type of soldiers — often not overtly veiy 
anxious m the firing hne, obeying orders, accepting authority, 
but avoidmg any responsibihty. When they brohe down they 
did so suddenly after only a short penod of acute anxiety, or 
after some expenence of mtolerable stress Through this con- 
version symptom they obtamed not only relief of mtolerable 
anxiety but sanction for removal from the danger zone, which 
would persist so long as the symptoms remamed 

It IS as if the officer, with his trainmg, his sense of responsi- 
bihty, his higher ego ideal, could and did tolerate enormous 
amounts of anxiety before the final breakdown, but, because of 
his ego ideal, could not sanction the complete flight of the con- 
version hystenc The man m the ranks of the type descnbed, 
with no ego ideal, no sense of responsibihty to anyone but him- 
self, had nothmg to inhibit the mechanism of conversion, what- 
ever it IS, which gave him so complete an escape These views 
are admittedly only superficial explanations, and many other 
psychological determmants which would explain the difference 
between the two groups would emerge durmg treatment. 

HYSTEBICAn STUPOR 

There is one form of hystena that was seen fairly often during 
the last war and may, I thmk, be seen much more frequently m a 
future war when the brunt of the attack may be upon human 
material of all and every type without any selection either for 
mental or physical fitness , this is hysterical stupor or coma It 
IS important because it is not always easy to distmguish between 
hysterical coma and severe concussion, and the treatment and 
subsequent history are entirely different These patients will be 
found lying apparently deeply asleep or imconscious I use the 
term “ asleep ” advisedly, because French writers m the past have 
called the state “ narcolepsy ”, although it is entirely different 
fi-om the narcolepsy of modem neurology They will generally 
be found somewhere near to a bombed area, generally flaccid but 
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with no dietnibanco of the deep lefleies. If an attempt is made 
to open the eyee it is resisted by strong contraotaon of the oibi 
culans. The eyeballs are tamed strongly upwards and fixed. 
There is sometnnea, but not always, relaxataon of sphincters. 
They may remam like this for hours or days and then recover, 
often with a patchy but not complete amnesia both anterograde 
and retrograde From the notaing point of view thece caa« are 
m my personal eipcrienoe often most difficult and very alarming 
The pataenta vnll aometnnea recover conaaousaess quite suddenly 
and become very violent and uncontrolled, attacking, or more 
often pretendmg to attack, those who come near them then 
after a violent period they relapae agam mto coma. The attack 
resembles closely the somnambuhims, often intensely dramatio 
and alarming, winch occur very frequently among anxiety 
hysterics in war times when m hosprtah 

01SZB BTSTUBBANOBS 

The convemon hystenas that have ganerally the meet definite, 
and often kmg. latency penod are the paraplegiaa. They will 
frequently ooour aasoasted with a shght wound or mjuiy but 
qmte unrelated to the extent or even situation of the mjury 
They win vary endlessly m character — complete paraplegias, dis« 
turbance of gait with or without oontractuie, monoplegia of the 
arm with main en gnffe or accoucheur hand. There will be endleas 
cases of coaiso tremor often resembling an mtention tremor 
confined to one hmb, or spreading to every limb when any move- 
ment a suggestpod. There will be ties of all kmdn ai^ many 
sta mm e r ers. These last two forms are nearer nVm to the annety 
hysterics, and all the anxiety -vnli not have been converted. An 
other group will be the ao-oalled peyohosomatio types— cardiac 
nefuioscs, respiratory neuroses, and vBCeial neuroses. I have seen 
persistent attacks of severe oithopnoea m cases which occurred 
throng bemg buned. In this last group anxiety is still f^ hut 
has shifted from the ongmal emotanual trauma to anxiety about 
the function that is disturbed. 

Hystencal smiiesiaB wifi be fairly often seen os psychiatno 
casualties, and must be diScMitiated from post-ooncutoon 
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amnesias — not always very easy, especially if there is a history 
of prosdrmty to a severe explosion with the possihihty of a mo- 
mentary true loss of consciousness They are frequently very 
patchy, both retrograde and anterograde, and in the patchy 
amnesias there is often still some anxiety and some confusion 
The man remembers nothmg smee, for example, he was m a 
training camp m England, but feels that something dreadful hap- 
pened after this Other rare cases are complete amnesias for all 
the past One patient I remember very well was exactly like a 
child, but with no memory of his parents or home , until he 
recovered he had to be taught agam how to feed himself, to read, 
and to write The true hystencal fugues — ^the cases where men 
are found wandering with a complete retrograde amnesia, gomg 
back either for days or months — are not, in my expenence, so 
common A fugue is so often the easiest form of true mahngermg 
and not always the easiest to detect I have myself worked at a 
fugue case for many months in a very mtelhgent man of the 
officer class, only to find out m the end that he was a true mahn- 
gerer with no loss of memory at all Others are qiute easy to 
detect after a little questioning, and are often associated with the 
end of leave. True fugues do exist, of course, but they are much 
easier to simulate than the patchy amnesias associated with 
more or less anxiety. 


CONCUSSION 

Here we are on debatable ground Cases of true concussion 
may be considered as neurological rather than psychological 
casualties ; but they will certamly often be regarded as psychi- 
atne casualties, because they will be found unconscious without 
any sign of physical injury. It is also debatable ground because 
in much of the hterature on war neuroses cases are mcluded under 
concussion when, although there may have been transient loss 
of consciousness, there are marked symptoms of anxiety hystena, 
or even of conversion, immediately or shortly after the traumatic 

episode 

In true concussion the penod of unconsciousness may be 
extremely short, or deep and prolonged In the shghter forms 
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the man may reooTar and carry on ^th ■what he was doing, 
apparently little the ■wona. In all caaea, ho'wever of tme con 
cuasion I believe there la one significant feature — b retrograde 
TnnpmfL whicb, shoTt OT loTtg IS olwnys clear-cut and definite, 
and an amneeia which is permanent , there may also be a vary 
mg anterograde amnesia not so clear-cut as it emerges mto full 
consciousness, but permanent Concnssion patients as they 
rewTcr may be confused often for a long period, but there is not 
the same amount of aimety os m the hysterical cases 'the com 
plete retrograde amnesia baa also cut out all recollection of any 
annety or emotion felt just before the traumatio mcident. All 
the concussion cases are, in my experience, more serious than the 
annety hysterics , m severe cases the ultimate prognosis is very 
uncertam aome deteriorate mto a permanent condition of 
men tal hebetude and depression A severe case of concussion 
brought m xmeonsmous should be fairly easily differentiated from 
hysterical stupor The patient is profoundly unconscious, deep 
reflexes are abolished muscles are hypotonic, pupils are often 
uneqQal and there may be ophthalmoplegia or ptons 

■niE PSYCHOSES 

In any civilian population there ore a fairly large number of 
psychopathw personalities mfld mamo-depreaaiTes, schiio- 
phremes m remission, and supenor mental defedaves All of 
these ■win stand the stram of war conditions baxUy and will be- 
come psychiatroc casualties. In the last war cases of katatomo 
stupor were found m, casualty clearing stations mildly depressed 
men became acutely maniacal cases of mild hypomania became 
acutely depressed. The problem of the effect of •war on high 
grade defeotivefl is m war tmie often more a social than r mpdic*] 
problem. In the last war some of this type managed or -were 
oompeDed to enlist, even obtamed comnnssioiis. Many drifted 
mto mihtary prisons or were sent mto special hospitals for ob- 
servation and report for vanous delmguenaes, character dis- 
orders, or anti-social acts. There wiH probably be more of these 
m any 'War on civ ilian populationa. 

I have said nothing about the effect of war condibons on the 
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obsessional neurotic, of whom there are very many. I have done 
this deliberately because, m my opmion, the true obsessional 
stands war conditions as well as or better than most , when be 
does break down be wiU become for tbe time being an acute 
bystenc witb similar symptoms It wiU only be when under 
treatment tbat tbe obsessional character wiU agam emerge and 
present a defimte problem 

Neither have I said anytbmg about tbe more specific effects on 
women and children , here much could be written, but it must 
be, and I hope may remain, speculative 

I have given a classification m which any psychiatrist, mclud- 
mg myself, could pick as many holes as are m a sieve I have 
only attempted one which may have some practical value 



TKEATJIENT OF PSYCHOLOGICAL CASUALTIES 
DURING WAR 

Bt lUtmiCE B WRIGHT II J) 


Before conajdcnng tho treatment of individunl psyeluatno 
catnahicfi there is first of all tho mnch bigger question of pohoy 
"UTiat pohey vill be adopted with regard to the position of the 
hospital* for th«*e casualties, either within or fairly closo to tho 
danger tone, or further away and immune from attack? ^^^ll 
pabenta aa a matter of pohey not emergener bo sent to their 
homes aa soon aa the symptoms of anjiet) hysteria ha\e been 
rcheved or the convemon hyitcna cured for the time bong by 
whatever method or will all except tho very mildat case® be 
given the change of corapkto rehabihtabon before being sent bock 
either to emhan life or to their unit in the combatant servicesl 
In a severely raided anhnn population, whero psychiatric 
casualbea are certain to be heavy mere pressure on. bod space 
cither inside or without tho danger rouo may make it unposaihlo 
to keep any hut the sovorest casualties in hospital Apart from 
necessity however two more or less opposite opinions ore held 
by psychiatrists of experience One point of view is largely that 
of psychiatrists who hod expenenco m tho laat war m France or 
other fronts the other is held mainly by those whose mam 
experience at any rate was m spcmal hospitals for psyohiatno 
casualties at home 


CHOICE OF TBEAntENT 

The first group hold from their expeoonce that psychiatno 
casualbes should be treated m hospitals withm the battle urea 
They should bo treated by any methods to be disoussed later 
which would render them more or leas symptom frecj sthI then 
returned to their unit. The sccoi^ group to which I myself 
181 
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belong, would bold tbat there were very frequent relapses among 
those treated by rapid methods, and that relapsing cases were 
much harder to d6sal with than those evacuated on their first 
breakdown They would hold that among those sent back too 
soon there was a not neghgible danger of suicide, woundmg by 
dehberate exposure to enemy fire, or of self-inflicted injury , they 
would beheve, too, that no case of anxiely or conversion hysteria 
can be fully rehabilitated m a matter of days. The most 
serious criticism would be that, according to all modem 
psychotherapeutic theory, methods of treatment which stress 
the removal of symptoms rather than treatment of causal factors 
may have utihtanan value but do not make for permanent 
cure 

Let me say at once that I quite realize the practical value of 
the first method durmg the last war, which was waged between 
combatant troops and not directed mainly against the civil popula- 
tion These methods did return a good number qmckly to their 
units, and certainly some of them remamed stable , but they 
remamed stable for a certam defimte reason They were treated 
by methods which I should like to call the methods of authority, 
and they were returned to authonty , they could accept it and 
find value m the disciphne, the morale, and camaradene of their 
umt They very possibly had a penod m rest camp for further 
readjustment Tor them them umt was just as good as, or per- 
haps better than, a hospital for regaining morale The pomt I 
want to emphasize most strongly, because I beheve it to be the 
crux of the matter, is that the situation is entuely different when 
we are deahng vuth psychiatnc casualties m a civdian population. 
If they are treated by authontanan methods and sent as quickly 
as possible to then own homes they will be removed from auth- 
ority to where there is no authonty to help them They would 
return to homes possibly m a bombed area to a family which, 
even if stdl intact, would probably be badly shaken Only a 
large body of social workers could find out whether they would 
return to conditions where there was any possibihty of restoration 
of morale. 
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USE OT AUTHORTtARUK UETHOPS 
1 miut DCTK define ■what I mean by autbontanan methods. 
Let ns start inth the French method as desonbed bj Lbenmtte 
He insists first of all that the phyaioian must be a man of strong 
will, that ho must have the iron hand m the velvet glove , the 
patient must at all costa be mastered. If what he caDa psycho- 
logical convenationa did not lohove symptoms the paUent was 
isolated m a smgle room, given a diet of milk and bread, or later 
of bread and water if the symptoms stall remamed. K he relapeed 
he was returned to rigorous confinement. He was also kept in 
confinement if he refosed treatment by faradisation, which can 
be, and was m my perBonal eipenenoe a very exqmsite form of 
torture. Treatment by hypnotic suggestion, peranasion and re- 
educatioii, although not so punitive as the French method appeaia 
to have been, a if only directed against the symptoms, an autho- 
ntanan method- The physician stands for the stem or kindly 
parental authority who with the pataeut either m the hypnotio 
state or m full coosciousnesa, uuosta ^t the symptom, whatever 
it u, be given up It may be given up or as is so often the case, 
changed over to another symptom, but without any true inmgh t 
mto the meaning of the latter Treatment by hypnotism with 
abreactian of afilect — that is, the revinl of ttaumatao memonee 
m hypnofflS-Mmdonbtedly produced diamatao rehef of symptoms 
m many cases but it is doubtful whether the patient gams anv 
true insight by this method, and I have certainly seen cases 
where the abreaction was so violent and disturbing that further 
treatment would not be acoepted. There is one definite danger 
in the use of any authontanan method m a fairly large gro u p of 
cases— they may become rebels a^mst authority and if ^ey 
relapse are much harder to treat. 

All forms of psychotherapy depend to some extent upon 
authority All psychiatnsts know that at some tune or other 
during treatment they may come to stand for father or mother 
to the patient. But there is all the difference between the parent 
who just forbids and says Dont’ and the patent who is trying 
ah the tone not to forbid but to explain. 
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Dunng the last war m the special hospitals for psycluatnc 
casualties authontanan metliods of some sort were used m vary- 
ing degrees. In some, authonty was much too stnct , m others, 
very definitely there was too httle It must be remembered that 
at that time there were very few teamed psychotherapists or 
psychologicaUy-mmded physicians, and these were generally over- 
worked and overloaded by details of administration Towards 
the end of the war, when officers had been tramed at lilagull in 
the psychological approach, conditions did improve and better 
work was done It can be hoped, I beheve, that conditions m any 
future war will be better , there will etfil be a shortage of trained 
psychiatrists, but it wiH not be so acute, and the whole attitude 
of the profession and the laity towards the genmne psychological 
approach to the problem of the neuroses has been revolutionized 
to a large extent There will be one great difficulty in the treat- 
ment of civdian casualties — ^the lack of authonty Patients wiU 
be free agents, and many will clamour to go home before they are 
fit to go. 


TREATMENT OF PSYCHIATRIC CASUALTIES 

To come now to a bnef consideration of what can be done for 
psychiatnc casualties, I shall refer only to the treatment of 
cases of anxiety and conversion hysteria At the first-aid post 
probably very httle can be done Cases of simple terror should 
be allowed to sit quiet m some place of reasonable safety , they 
should be reassured and their ego ideal restored, not by urgmg 
them to be brave, but by pomtmg out that their fear is only 
natural and normal and will pass quickly because their self- 
control has only temporarily been weakened , a hot dnnk of 
coffee, perhaps a very mild sedative, and I beheve most of them 
wdl leave of their own vohtion 

Anxiety hysterics wiU amve of eveiy grade of seventy the 
screaming uncontrolled hystenc, the mute and terror-stneken 
with some confusion or amnesia They will come m mostly, I 
think, as stretcher cases, or, if walkmg, will be brought in by 
others, vohtional control havmg gone The severer cases must 
be evacuated as soon as possible to casualty clearmg stations , 
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an adequate do#e of sedative ahoiild be grvem — I believe a big 
doee of one of tie beibitoiutea is better than morphme for 
armety hyitena. Paraldehyde per rectum would also be vahi 
able. Ca^ of hysterical stupor most, of course, be evacuated, 
and I tbmV no attempt should be made to rouse them until they 
have reached the casualty clearing station and adequate nursing 
B availflble. Cases of conversion hysteria may oome m espeoxally 
from places near to a aenous exploaioDu Those patients who arc 
seen withm an hour or two and with no latency penod may pos 
•ibly have their ftmction restored by prompt persuasion and sug 
gesfron, but even if this a possible I beheve thev should also be 
evacuated because of the danger of subsequent acute anxiety or 
relapee. 

At the casualty clearing hospital the amount that can be done 
must depend on the pohcy advocated and pTossnre on beds. It 
has been soggested that psyohiatoo casnahies may remam at the 
larger casualty oleanng stations for a penod of days or weeks m 
the hope that they may recover sufficiently to be sent home. It 
has abo been sn^ested that there will be at any rate a visitmg 
psychiatrist to adnse on selection and diagnosis. Treatment 
must, however, remam mainly on the hnp^ of physical medicme 
— rest, whatever quiet is posaiblG, isolation m sever© cases because 
of the real danger of contagion, sedatma. From expcmence of 
VCTy tevere hystena m peace tune I behove prolonged narcosis 
may be valuable if adequate numng is avaflable, ovipun 
uarcoeis with suggestion given during re tu rn to consciouaness 
At both first-aid posts and oasualty clearing stations any serious 
attempt at psychotherapy wiH probably be impossible, 

TRaaniEiTT at btecial hospital 
We now come to tee question of treatment at special ho^itab 
for psych t n tn o casualties The problem of the orgamaataon and 
“i*uagcmeiit of these hospitals many of which will be entirely 
for avihaa casualties, will be a very difficult one. They will be 
entirely drHerent from any special hospital draaiig the war They 
presumably bo large admitting both sexes and peoples of all 
of all types, classes, and even races, if areas of maxnnum 
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density of population are heavily bombed Also, as mentioned 
before, it will be impossible to mamtam the same disciphne and 
authority as m a mihtary hospital It will be extremely difficult 
to establish the right sort of atmosphere for good psychotherapy 
It must always be remembered that every psychoneurotic is ill 
m mmd and not m body, whatever his symptoms, and yet retains 
freedom to continue or discontmue treatment I can foresee 
many, but not msurmountable, difficulties 

We will presume that m the hospital there wdl be a certam 
number of framed psychiatrists, men and women There will 
certainly not be an adequate number — ^there never wiU be, except 
m a Utopia which none of us, at any rate, will ever hve to see 
I want now very briefly to state again what is the difference be- 
tween the method of the modern psychiatrists and any method 
based entirely or largely on the use of authority Modem psycho- 
therapy of every school is based on a very simple premise that all 
and every neurotic symptom or neurotic maladjustment is the 
outward and visible sign of an mward and psychological dis- 
harmony, and it 18 a disharmony of which the patient is to a great 
ex:tent unaware The task of every psychotherapist, whatever 
his technique, whatever hypotheses of mental mechanism he may 
hold, 18 to try to help the patient to a solution of this disharmony , 
by brmgmg home to him the meamng of the symptoms he is 
made to reahxe that the symptom has no longer any value for 
any part of his personahty 

All who during the last war had tune and opportunity to do 
any kind of analytical work on the war neurotics found, as we 
shall find agam, that the anxiety hysterics and conversion hys- 
tencs had never been completely well-adjusted people They 
may not have been badly neurotic, but any full anamnesis, which 
IS always the essential startmg-pomt of all psychological treat- 
ment, wiU reveal some neurotic or character maladjustments — 
unduly anxious, unduly dependent, an over-strict and rigid code 
of morals and ethics which mhibited the expression of normal m- 
stmctive drive, either sex or aggression or both This is not the 
place to discuss different techniques of analytic approach the 
aim will be the same m aU All the resources of a special psychi- 
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«tno ho«prtal -^nll have to bo directed to ono end only— tho mental 
and physical rehabihtatioii of the casualty there must bo care- 
folly planned recreation and occupation and the nursing must 
be of the highest order for the vork The nurse must be sympa 
thetic tOTrard* the patient as a personahty but not express too 
much sympathy about the symptoms whatever they arc The 
nurse must be taught that most of the patients will have regressed 
to a level of infantile dependence they will tend to make mother 
figures of their nurses and they must slowly be weaned from this. 
It was noted m the last war that most severe anxiety hysterica 
became sexually impotent and yet craved the presence of their 
womanloud. In war tune I believe the psychiatrist must take 
hanuiies if they are good into hts confidence ho must tell them 
something of the problems of tho patient and get their help 
During the lost war many nurses became invaluable helpers to 
the psychothcraptst the opposite is unfortunately true that an 
unwise nurse or relative may block oU his efforts. 

WAJITDIE DirrEBE.SCES 

There are certam very important a^iccts of the psychiatno 
casualty m war which will ditTcrentiato them from the psycho- 
neurotio m tunes of pescc. One outstanding feature m a large 
proportion of anxiety hysterics is the constant demand for 
wcunty They feel no inner aenso of security or independence, 
and make constant demands on tho outside world their jComily, 
or their group for the security they neetL In a war casualty this 
ueed for secunty will be enormously increased and during war 
the outside world can offer the patient little or any of the security 
Tha mtense need for security will make it extremely difficult for 
many case* to be returned to a world when all the bulwarks of 
P«*oo-tiine security have been broken down Every peycho- 
neurotio is also to a greater or leas extent asocial be may make 
Bupfetfical contacts, but never m any real sense identifies himself 
With ha group Or community Ifhe becomes a war casualtv these 
asocial tendencie* may be cnormonsly mcreased. He may have 
Seen all hn world tumble about hia ears — the lots of friends and 
relative*, as well as material losses. TTui world has never offered 
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liim mucli, but now offers bim notbing at all He may smk into 
complete apathy, from which it will be veiy difficult to rouse 
him It will need all the resources not only of a psychiatnc 
hospital, but later of social workers and every land of social 
organization, to rehabihtate these patients and make them feel 
the need m themselves for hfe in a community. 

There is one other aspect of the psychiatric casualty of war 
which may become a very serious one , there was some evidence 
of this at the end of the last war and afterwards In every 
psychoneurotic there is maladjustment to the normal aggressive 
instinct The acute mental sufferings of the war casualty may 
release this instmct of aggression m dangerous anti-social forms 
He may become the complete rebel against all forms of authonty 
and against the form of civilization which he holds responsible 
for his suffermgs, 

CONCLUSION 

To sum up, at the first-aid post and casualty clearmg station 
treatment will of necessity be on the hnes of physical medicme 
At special hospitals treatment will be mamly psychological, com- 
bmed with every other aid that can be devised towards socializa- 
tion and the rebuildmg of a normal ego ideal Authontanan 
methods will be used agam, and have a real vmlue m many cases 
It IB hoped, however, that the great body of expenence m psycho- 
logical methods gamed m the last twenty years may prove its 
net value. 



CHEMICAL WARFARE AND THE DOCTOR 
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Feoh tlte eariieat times m the history of the world certam socio 
logical, physical, and biological factors have governed the problem 
of the grow t h of population. Disease as seen in individual cases 
m epttdeimca, or m pandemics sweeping Europe m the Middle 
Ages, has from tune to tune decimated the population. War 
with its horrors and vast nombeiB of men lolled by disease and 
wounds, may be mcloded m this hst, together with famin e, 
pestilence, floods, and earthquakes. 

The present war, however will be different and probably more 
horrible. Whereas m fonner days war wns an affair where men 
fought men, and women and childien suffered accidentally or 
indirectly, to-day the idea is accepted by some Governments 
that It 18 justifiable for one nation to attempt to impose its wfll 
on another by striking a sudden sw ift cmsliing blow on vital 
vulnerable points m the country of its enemiea. That is to say 
avil centres are to be attacked m addition to or apart firom, 
definite targets of naval or military importance For this reason 
many conferences have been held under the auspices of the 
Intematacmal Red Cross of Geneva amce the year 1920 The 
problem of protecting the civil population has now been accepted 
by every Government in Europe, including that of Great Britain, 
whose ARE organisation is so well known to alL 
The subject of the medical aspects of chemical warfare is of 
grave practical importance to aH medical men. It is not enough 
to be told how to treat the results of exposure to certam gases. 

m typhoai, for instance a study of the aetiology pathology 
and chnical picture is essentiaL In the present paper a hst of 
*^^betaiices most likely to be met with m chemical warfare is 
* Baccdrad for pcbUflKtkm Angiift 4, 1039 
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given, together vnth an account of their physical and chemical 
properties and a description of their physiological action. Their 
pathological effects will be discussed in the next paper 

HISTOEy OF CHEMICAL WAEFAEE 
A full account of the history of chemical warfare may be found 
in a book published m 1935 by tv'o Erench naval surgeons, 
Hederer and Istin “ Gas ” is one of the most ancient devices 
used m fighting Details are described by Thucydides of the 
method employed in the Peloponnesian War, m the fifth century 
H.c. After months of siege, faggots impregnated mth pitch and 
sulphur were set on fire outside the city walls The wind drove 
on the cloud and rendered one point of the defence untenable 
However, a thunderstorm broke, the ram extmguished the fire, 
and the first gas attack on record was unsuccessful In the same 
campaign an efiBcient “ flame projector vms designed and used 
In 1726 Plemmg described in his book, TJie Perfect German 
Soldier, several new poisons to be incorporated m grenades 
Chemical warfare fell mto disuse for the next hundred years, 
and the British Government refused to sanction the use of toxic 
shells and grenades in the Crimea, In spite of the agreement of 
The Hague, 1899, chemical warfare was remtroduced in the 
Great War and enormously developed. Athough occasional use 
of “toxic ” shells by the Germans was reported ffom October 1914 
onwards, it was not until April 22, 1915, that chemical -vvarfare 
was mdulged in on a large scale The Germans launched clouds 
of chlorme on a six-kilometre front m a surprise attack, causing 
15 000 casualties, 5,000 of them &tal. In addition large numbers 
of prisoners and quantities of war material were lost to the enemy. 
The success of this attack depended on the element of surprise 
Do means were at hand to protect the troops 3Iajor-General 
C, H Foulkes, the officer m charge of the Special Brigade in 
Prance in the Great War, writing m his book, Go-?, in 1930, states 
that many wammgs were received of this gas attack. These 
were not appreciated, hoivever, until 1932 After the Apnl 
1915 attack the matter v/as at once taken up by our Army 
iledical Service. 
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The first rrnA was immediately devised at the Royal Army 
Medical College SODbank This consisted of a pod of irool 
impregnated with sodium hvposnlphito and tied over the month 
and nose by a length of veiling matcrml Largo numbers of 
women workers were collected and in three dQ^T! the troops at 
the fitmt were proNided with 100000 masks In September of 
the same year ohlonne was used by our trtxips at tho beginning 
of the Battle of Loos. The attack was not \-cry successful and 
I remember seeing our own men adimttcd to a casualty clearing 
station later m the da> with pink eyes and green buttons 
Intensive work was earned out m the perfection of the anti gas 
respirator until finally an article was produced winch was proof 
against all gases except carbon monoxide and winch permitted 
free action m fighting In 1917 tho Germans first used mustard 
gas ” — another surprise 

It IS interesting to note that with tho provision of respimtors, 
mtrodoction of gas djfcipbne and dissemination of a kmowledgo 
of chemical warfare tho casualties prognasively dimmished 
ahhongh the number of oor troops in tho field was enormously 
mexeased 

AQEVTS USED IN OlIBMICAL WARFA£E 
The most nsefol and generally accepted classification of war 
gwes ’ IS the physiological one detenmned by the action of 
these chemical substances in \aiious parts of the body Tho 
iDain groups are m the order of their toxicity (I) lacnmators 
(tear gas ) , (II) stomutators (nose imtants) (III) vesicants 
(bbrtenng) (1^^ lung irritants , (\') paralymnts (VI) gases 
Diet With accidentally as carbon raonoxido 
The following list is compiled from Vedder (1023 UBA. ) with 
up-to-date additions 

I I/Jcntnaiors — Acrolem beniyl bromido bromacetone 

bromobeniyl cyanide (B B 0 ) cbloro-acctopbenone (CA-P ) 
dibrom methyl-ethyl Ic^ono ethyl lodoacetate (K.8JK.) 
Diethyl-chlorsulphonate monobrom methyl-ethyl k'otone xylyl 
bromide 

H. Stemuiaiart — Dipbenylchlororame (DA.) — Clark I di 
phenyloyanarsine (D C ) — Cladc II diphenylajBme-chlorarsme 
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(D IL) Adamsite (or chloro-dihydro-plienarsazme) , ethyl-di- 
cUorarsme , N ethyl-carbazol. 

in V esicanis — ^Lewisite — chlorovinyl-diclilorarsuie , mustard 
— dicMordiethyl sulphide (thiodiglycol chloride) 

IV Lung Irniants. — Chlorme , chloromethyl-chloroformate 
(pahte) , chloropicrm , cyanogen bromide , dichlormethyl 
ether , phenyl carbylamine chlonde , phosgene , stannic chlor- 
ide , tnchlormethyl-chloroformate (diphosgene or superpahte) 
Y. Paralysants — Hydrocyamc acid , sulphuretted hydrogen 
VI Gases met with accidentally — see Group III below 
In the Medical Manual of Chemical Warfare (H M Stationery 
Office, 1939) the follo^vmg classification is suggested, with a view 
to combining both tactical object and physiological effect 

Group 1 — ^Lethal {a) vesicants , (&) lung irntants , (c) para- 
lysants. 

Group II — ^Harassmg (a) lacnmators , (6) sensory irntants 
Group III — ^Accidental (gases not used as weapons, as carbon 
monoxide) 

The physical and chemical properties of the chemical agents 
most likely to be met with are bnefly descnbed below The 
volatdity of these substances is important Gases may be per- 
sistent or non-persistent 


LACRIMATOES 

Bromobenzyl cyamde (BBC) (discovered m 1881), as com- 
mercially prepared, is a heavy, oily, dark brown hqmd, very 
persistent, so that contaminated earth causes lacnmation after 
thirty days’ exposure BBC corrodes metals except lead , it 
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Ethyl lodoacetato (KS^ ) is n dark 'brown bqnid, invisible 
m the gaseous state. It is persirtent and has a pear-drop smelL 

ffTERXirrATORS (all non persistent) 

These substances form the imtont smokes and contom 
arsenic. 

DipAenytcAlomrsine (DA ) (Clark I) (1878) is a thick semi solid 
compound, shghtly soluble m water but soluble m chloropicnn 
and phosgene. As a vapour it is a strong imtant, and when 
dilated is aromatic. 

Bifhen\fiart\ne~chloTan\ne (Adamsite) (1918) is similar bnt is 
not soluble m phosgene. It tarnishes metals (DA docs not) is 
easier to manufacture and tho tome effects lost longer 
These arsenic compounds arc employed as mists or clouds. 
Both Groups I and II are easy to detect 

VESICANTS 

Zetetn/e (chlorovmyl-dichloramno) first made in Amenca in 
1918 and not hitherto used m warfare is a heavy oQy liquid 
darkening on standing It is easier to detect than mustard which 
m low concentmtions may produce its effects before its presence 
IS realued. The alight odour of lewisite resembles geraruums. It 
IS soluble in oils, benzene, and the ordinary organic solvents It 
u insoluble m water but hydrolyses rapidly This action is 
mertased by heat and alkalis. The blistering concentration is 
given as 0-S34 mg per litre which theoretically makes it on 
effective war gas. However as it is so rapidly destroyed by water 
or aqueous vapour and has not yet been put to a practical test, 
it IS unlikely to be used in war Lewisite is persistent, but leas 
so than mustard 

i/uatenJ (diohlorodiethyl sulphide) was first used by the Qer 
niAus m 1917 and manufacture of this substance by ns was not 
completed untfl. almost the end of the war As in the case of 
chlorme, our InteDigenco Service secured early mfonnation tho 
full meaning of which was however only understood at a later 
date, llustard is a heavy oily hquid m the pure state colourleos 
^nd almost odourless. In quantities as produced commeroally 
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it IS dark m colour and smells of mustard or garlic It is highly 
persistent, and stable at ordmary temperatures Heat causes 
decomposition into HQ and highly toxic lacrmiators Contact 
Tvith "water causes slow hydrolysis, which is hastened by heat 
The resultmg products are harmless— dilute HQ and thiodiglycol 
iSmce its specific gravity is 1280 at 15° C , it readily sinks when 
added to water Weathering ■null thus ultimately destroy mus- 
tard Hypochlorites react ■saolently with mustard, producing a 
non-toxic sulphoxide. This explains the use of “ bleach ” 
calcium hypochlorite 

Mustard is soluble m water to less than 1 per cent, but is 
freely soluble m the hydrocarbon oils, such as paraffin or petrol, 
and substances such as animal fats, ether, benxene, alcohol, 
acetone, carbon disulphide etc It is also readily dissolved in 
rubber, and permeates clothing, leather, wood, bucks, etc , hke 
mk on blottmg-paper This property of penetration into most 
materials other than metals and substances "ivith a glazed surface 
renders its destruction especially difficult Mustard has a low 
vapour pressure, which explains why it vaporizes so slowly and 
is so persistent, and also the varymg effects according to the 
temperature and humidity of the atmosphere 

This is the gas most to be expected m war. Of 36,965 gas 
casualties in the Amencan Army, 27,711 were due to mustard 
(Vedder), and of the 160,970 gas casualties admitted to the 
casualty clearing stations of the BET 77 7 per cent were due 
to the same cause. Exposure to a concentration of 1 m 1,000,000 
16 effective 

LUXG lERITZLXTS 

CMonm is a greenish gas, 2 5 tunes as heavy as air , it there- 
fore chugs to the ground and fills hollows It is easily hguefied , 
one htre of hquid chJorme at 25° C will produce 434 htres of gas 
Its pungent smell is well known It is non-persistent Pure dry 
chlorme will not corrode steeL 

Phosgene {COCI 2 , C G. , carbonyl chloride or carbon oxy- 
chlonde) is the most effective and lethal of the pulmonary 
irritants, but fortunately is completely resisted by the respirator. 

It IS a hquid, boihng at 8 2° C (46 8° F.) It is colourless, smells 
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of ‘ miiatj hav aod is 3 5 tunes as dense as air It is non 
persistent, and is easily moved on by the wind Phosgene is 
reidily hydrolysed so that it cannot be employed in damp or 
rainy weather The hydrochloric aad liberated m the presence 
of moisture corrodes steel damages clothing and destroys the 
tissuea of the lungs Soda lime is used m the canister of the 
respirator to absorb phosgene Phosgene will dissohe several 
of the tono gases, and murturea of mustard chloropicnn and 
the nisemc smokes may bo expected This gas is hquofied easfly 
as m the case of chlorine. Di phosgene (perstofT suporpahto, or 
tnchlororoethyl-Chloroformate) u an oily bqmd boiling at 128" C 
It a heavier than phosgene, has the eamo toxicity and is an 
mtense lacmnator 

Chloropicnn (PS) — mtrochloroform — is a colourless volatile 
hqmd, not hydrolysed by water and scmi persistent It also is 
a lacnmatOT It la heavier than water boils at 112" C and is 
approximately 0*5 times heavier than air It is laDed by a 
soluhoQ of sodium sulphite in 00 per cent alcohol It has a pene* 
trating odour and u strongly imtant Exposure to frequent low 
couceutrutiotia may induce attacks of asthma 

Pcfraly«nl#— Theso substances are not of much practical use 
inwarfere. 

Carbon Mononde , — The management of carbon monoxide 
poisouing will not be dealt with m this paper 

GAS PETEOnO’tf TABLE 

The following simple hints have bean already published {Pocket 
Book of First Aid tn Accidents and Air Raids second edition 
19S9 G Gill and Son) 
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CHEMICAL ANALYSIS 

In the issue No 10 of volume 56 of Chemistry and Industry, 
published in 19B7, appears a very important seven-page paper 
on analysis for the detection of poison gases by Studmger and 
Muller, translated by ]\Ir F G Crosse, F.I C , from an article in 
“ Mitteilungen aus dem Gebiete der Lebensmitteluntersuchung 
imd Hygiene ”, 1936 Some of the items of chief interest are 
described in the follounng paragraphs 


Preparation of the Sample 

Visible drops are soaked up in filter papers held m forceps or 
ether extracts are made from contammated soil AH operations 
are earned out in a fume cupboard, the operator wearing a 
respirator if necessary Phosgene is detected by the reagent 
mentioned in C I below 

Preliminary Tests 

(1) Using smaU test-tubes, the boding point is detected (2) 
Decomposibdity in water a capillary loop of the extract is 
heated with about 0 5c cm of water and tested with a 5 per cent 
solution of AgNOg Mustard decomposes slowly, chloropicrm 
and the arsines do not decompose (3) Tests for halogens in 
ahphatic compounds or in the side chain of the aromatic poison 
gases (4) Prmgsheim’s test a mercuric chlonde test paper is 
coloured yellow by AsHg (5) Testing for mtrogen and sulphur 
(a) the Prussian-blue test, (b) sodium nitroprusside— 2 drops 
of 10 per cent solution are added to the substance under test 
after being heated with sodium, a violet coloration indicating 
sulphide (mustard) 

From tests 4 and 5 poison gases can be classified 
C I — Gases resemblmg chlorme only xylylene bromide, 
chloro-acetophenone, palite (chlorme-phosgene) 

C n — Gases containmg chlonne and sulphur Mustard 
C III — Gases containmg chlonne and nitrogen Chloropicrm 

(HCN). 
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OJV — Gases containing chlorme and arsenic. The amnes and 
lewittrte 

C V — Gases containing metaL Iron carbonyl lead tetra 
aUcyls 

Special Reactwne 

Halogen Tat — Xjiylene bromido boiled with alkaline potas 
anm permanganate aolntion forms phthabc acad. This is isolated 
by extraction with snlphuno ether The residue is heated to 
2fi0“ 0 with concentrated H^SOi and a little resorcinoL Excess 
of aoda lye gives a green fiuorwconce 
ChlonHicetophenotie {0 JLP ) — A long teat, where the substance 
IB ondixed to bensoio aad with chromic acid then nitrated and 
treated with ammonia wnd hydroxylamine HCl solution. The 
presence of ammonium diamino-bensoato is shown by a red brown 
coloration on immt^rmng the tub© m hot water 
P\oegene is detected as diphonyloiea or by a colour test paper 
Air a posaed over the sample mto an absorption dask containing 
anil water an immediate white turbidity is produced. This is 
filtered off dned at 70® C and its melting point determined 
(235® C ) Two tests are given with prepared test papers In 
the second test a green coloration indicates phoegene The 
reagents required are (I) 0-05 to 1 gramme 6-mtroso-dimethyl 
ammophenol dissolved m 60 c.cm of hot xylene (2) 0-26 grammo 
w-diethylanunophenol dissolved m 60 c cm of hot xylene, 
6 c cm, of solution No 1 are mixed with 1 to 2 c cm. of solution 
No 2 and put on to filter paper This paper when held in the 
air above the sample turns green, 

CMonne. — One gramme of soluble starch is dissolved in 100 
c.cni, of water coatammg 6 grammes cadmium iodide and 6 
grammcfl sodium acetate. A filter paper moistened with the 
Bolubou goes blue when chlorme is present. 

Mustard — Eleven tests are given all but one requiring the 
presence of hquid mustard Of these tho simplest is the sodium 
wdopiatmate test paper 2 per cent solution This paper m 
the presence of mustard or an aqueous mixture of it becomes 
purple-red then blue In this country yellow detector disks are 
provided which become red in the presence of hqmd mustard. 
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Goa attacla on the ciNnl population will be rondo from the air 
ilitchener and Cowell m their J/nficnl Orffaniyjlion vi Atr Hatds 
1939 quote GenernI Qolovnne who gives sfatutic* showing that 
the complete overwhelming of n capital city by gas is impossible 
Repeated attacks may bo madeby amall formations of three to nine 
machines or larger numbers — twcnty-BO\'cn to thirty-mx jVa the 
air defence of this country becomes stronger this menace is 
proportionately diminishing It is possible for gas to bo sprojxd 
by a low flymg machmo or clouds to bo laid at a height The 
spray from the former may be seen coming from the machine 
and falls like mm from the latter the mist may amvo from 
some distance its presence being only appreciated from its effects. 
For the success of a gns nltnck weather conditions must bo 
favourable Clear mild still nights, with an absence of mist or 
mm afford the best chances for success both for non persistent 
and persistent gases nea\’y ram and a high wind will mmimiro 
the tone effects Clear sunny days cause mpid dissipation of 
the non persistent gases a raised gronnd tempcmtnrc increases 
the 1 olatfliation of the persistent gases and gii-es nso to a high 
local concentration 

COUVrETRACnON OF OAS ATTACKS 
The object of on) gas raids undertaken against the civil 
population will bo to inspire pnmc confusion end terror with 
such a lowering of national morale that peace will bo insisted on 
at any pneo The air menace may bo oicrtcd in four wnys 
(1) Reliance on agrccraonts pacts and action by such bodies as 
the League of Isations (2) active defence by the provision of a 
powerful Air Force (3) passive defence — anti aircraft units, 
batteries, searchhghts etc (4) air raid precautions No 1 needs 
no comment. The second and third are becoming strongor every 
day m this country With regard to air raid precautions the 
Governments plans are gradually bemg perfooted But further 
orgauuataoti and liaison between various departments provision 
and trammg of more personnel, and repeated exorcises and pmc 
ties are required to render this arm of defence as efficient os the 
“«^and third. 
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The doctor not a memher of the medical branch of the iighthg 
forwh vdll help in A R P, work- It has already been realised by 
the Home Office, Blinistry of Health, and the IBritlsh ifedical 
Associaijon v/hat an important part the medical practitioner can 
play, -i\h ether surgeon, physician, or family doctor. He can help 
not only in preserving the calmness of the public, and preventing 
the effects of chemical warfare by correct proph 3 ''laxiB, but also, 
by his knowledge of both first aid and treatment of the effects 
of gas, he can save life and hasten recovery. 

It is essential that the vdiole nation be made gas-conscious 
This applies not only to members of the A.R,P. services, including 
all medical personnel, but also to all members of the public 
Refugee and evacuation camps may be attacked by gas as well 
as the densely packed centres of the cities Purther instruction 
is needed, and a stricter gas discipline, vuth frequent respirator 
practice, is urged. Details of protection by sealed rooms, pro- 
tective clothing of different types, and the v earing of one of the 
three types of respirator are to be found in the Home Office 
lilamials Dressing stations, first-aid posts, and operating 
theatres in vulnerable areas should not only be splinter-proofed 
but gas-proofed. 

All doctors are advised to practise wearing an anti-gas respir- 
ator Familiarity v.ith the general service type will ensure the 
comfortable v, 'earing of the civilian duty and civilian anti-gas 
types Details may be obtained from the hooks, but actual 
frequent practice is essential The doctor should he able to get 
his respirator on m ten seconds or less and wear it for at 
least one hour, even v/ith spectacles on, without the eyepieces 
dimming or any loss of technical efficiency One can lecture 
for forty minutes on the respirator alone without repeating 
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cloud may he almost invisible There is a latent period and 
some mmutes elapse before symptoms appear. Thus symptoms 
may arise or become worse after puttmg on a respirator, an 
untramed person tends to take off Ms respirator, thmking he is 
no longer being protected This is m direct contrast to Group I, 
vi^here symptoms are immediately reheved by puttmg on the 
respirator The symptoms are those of severe pam m the nose 
and smnses, vuth repeated sneesmg, burmng of the throat, sore 
eyes, achmg gums, and possibly nausea or vomitmg Jlental 
distreBS may be a promment feature, and mabihty to think or 
concentrate is generally expenenced Although alarming, the 
symptoms generally disappear in an hour No permanent 
damage is done, and these cases need not be admitted to hospital 
Modem respirators contain cellulose pads to filter off the arsemc 
smokes 

Ftrsi Aid — Diagnose on symptoms and the history, and do 
not be deceived by the seventy of the symptoms and the anxiety 
of the patient Apply respirator , remove to clear atmosphere 
Reassure the patient , recovery will occur m an hour or two 
Do not send to hospital If the pain m the sinuses is very severe, 
hght cHoroform inhalation wdl give rehef Eor a painful nose 
or throat 6 per cent sodium bicarbonate solution may be used 
as a wash or gargle 


GKOUP m — 1TESICA2JT6 

Mustard 

Mustard is a very msidious poison It may escape immediate 
detection and does not produce symptoms for some hours 
Repeated exposure may lead to hypersensitivity Lesions may 
result from spray from the am, splashes from burstmg bombs, or 
slow vaporization from contaminated hnildings, ground, clothing, 
etc On the skm no immediate sensoiy effect is appreciated 
The poison penetrates clothmg and enters the skm deeply and 
qmckly, producmg an erythema only after some hours Local 
oedema and capillary stasis follow , later the eiythema deepens 
m colour, a pale centre appears, and a vesicle containing yellow 
serum is formed This does not contam mustard Intense 
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itclmig IB UffUflUy noted and the moist parts of the body are 
chiefly affected Secondary mfeotion is bable to oconr and 
healing la elow The healed acani may bo pigmented for a tune, 
Eipooure to vapour only may produce eitenaive effects on 
the eycB temporarily blmdmg the subject within a few hours 
of exposure Contamination by droplets of splash or spray 
is more senous, and may lead to permanent blindness from 
corneal scamng Symptoms may begm withm half an hour 
and soon the eyelids become painful and swollen. Intense 
oedema of the lids follows together with swellmg and reddening 
of the conjunctiva Corneal opaaties appear the ocular con 
jUDctiva may ulcerate, the tension is mcreased and a profuse 
muco-pumlent discharge takes place Photophobia and spasm 
of the lids may be mtense 

If the respirator is not put on soon enough then the nose 
larynx, trachea, or lungs may be affected. Epigastnc pam and 
vomiting may oconr from the swallowed saliva The effects, how 
ever do not persist Renal compbcationa have been noted m fatal 
cases. Local oedema of the penis may cause retention of nnne 
Musiard Vapour — If m from twelve to twenty fonr hours 
after exposure to a dilate mustard vaponr the eye* become red 
the Voice is husky, and the ilnn erythematous a positive diagnosis 
niay be made Prevention conaista m wearing protective clothing 
applying the respirator and washing m soap and water or 
ruhbmg m bleach omtment for one mmute First aid consists in 
oi^fiiiging tH dothmg, complete bathmg of the body and repeated 
eye lavage This suffices for mfld cases Note that speed is 
*»cutial oleansmg must be undertaken withm two minute* for 
hqmd and fifteen minutes for vapour otherwise bums wiE result. 
The lame applies to Lewmte except that the poison is appre- 
cisted at once and the characteristic smell is always found. 

liquid Musiard — Yellow detector dmlnt reveal splashes of 
nmstard as bright red spots (red for danger) If clothing is found 
contaminated it must be removed as soon os possible, and the 
pstiftnt treated as mentioned above If the eves are contaminated 
saline imgatiou must be earned out immediately and be 
n^sintamed at hourly mtervals. In the open, water from a water 
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bottle should be poured into the eyes, followed by a drop of bquid 
parafSn 

Lewtsiie 

Lewisite resembles mustard m its action, but is less insidious 
It IS early detected by its odour and bas a shorter latent period, 
both in tbe eye and on the skm In extensive bums acute 
arsemeal poisomng may result On tbe skm an immediate stmg- 
mg sensation follows tbe appbcation of bqmd lewisite Erythema 
occurs witbm thirty minutes , vesication, too, is early, and is 
complete within twelve hours Climcally the effects of lewisite 
and mustard can now be sharply distinguished The lewisite 
blister IS clearly defined ' it covers the whole erythematous area 
and IS filled with a cloudy flmd containmg leucocytes and arsenic 
The mustard bhster has a surround of erythema and is full of a 
clear yeUow flmd, but contains no mustard On dry clothing 
lewisite is less eflective than mustard, and when the clothmg is 
wet the lewisite loses much of its eflfectiveness owmg to rapid 
hydrolysis The fine spray of lewisite is even more dangerous to 
the eyes than that of mustard Immediate irntant symptoms 
follow. In fifteen nomutes an acute conjunctivitis occurs, oedema 
of the eyehds, pain, and photophobia rapidly supervene, and m 
three to rune hours the whole painful picture is produced, an 
effect which IS only seen with mustard at the end of twenty-four 
hours The ultimate prognosis is graver also 

Smce the presence of lewisite is readily appreciated the respirator 
is usually put on early and afferds protection As m the arsemc 
smokes, the symptoms of irntation may appear even after the 
appbcation of the respirator In the absence of a respirator 
nasopharyngitis follows, and bronchitis may be established in 
twenty-four hours, which may lead to bronchopneumoma and 
death 

Treatment of Vesicants 

Skin — So long as droplets of mustard are visible on the skm 
bleach omtment will lessen the seventy of the bum This is 
made by mixmg equal weights of “ super-tropical ” bleachmg 
powder and white petroleum jelly. It is stable m ordinary 
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innttes. K the contamination is extensive bleach paste is 
easier to apply Bleach paste conaista of one part (by volume) 
of super tropical ’ bleaching powder mixed with two parts of 
water The affected area is swabbed for several minutes until 
no farther odour remains. Any of the following solvents may 
bo used petrol, methylated spmt, parafBn, etc Care must bo 
taken to avoid fire the contaminated swabs after careful 
hsndlmg must be burned Cleansing with soap and water 
removes the surface gas and will prevent bums if earned out 
withm five minutes The dresser should wear gloves. This 
method should not be attempted if erythema has begun but 
iwtbbmg should be employed K there is a massive contamma 
tion, the apphcation of bleach omtment is advisable In the case 
of established lesions, erythema if mild wili clear up as m sun 
hum, leaving a slight pigmentation and desquamation Tanmo 
aad jelly or solution should be useful With veacations the aim 
win be to prevent secondary infection Mustard bums should b« 
treated on the surgical pnnaple* outlined by Mitchiner and 
others. Thorough cleansing — under an anoesthetio if necessary — 
IS followed by the apphcation of a tonnio aad compress — layers 
of hnt or gaoie soaked in a 21- per cent solution of tanmc aod 
freshly made this is left in niu for several weeks if desired 
Sifts -^A b soon as the patient comes under medicol care, and 
while he is being cleansed m the shower baths, an opportunity 
IB taken to imgate the eyes with 2 per cent sodium bicarbonate 
•ohition If the eye is contaminated with hquid mustard do not 
wart for the onset of signs or symptoms, but contmue the alkaline 
lavage as often and as long as possible This treatment becomes 
difficult as the oedema end spasm of the hds increases To 
relieve this apply 1 per cent, sterile atropine omtment twice a 
day (and m aH cases whore the comes is damaged) Do not 
apply cocaine. Do not bandage the eyes — apply a light shade 
a^ instil hquid paraffin at frequent mtervals. If the discharge 
muco-punilent 2 per cent argyrol twice a day is indicated, 
he treatment of comeal ulcers with or without hypopyon, is 
left to an opfathahmo expert. With vapour contamination 
•^y the prognosis is better and the patient may be immediately 


208 WAE WOUNDS AKD AIE EAID CASUALTIES 

reassured In mild cases imgate every two hours wjth 2 per 
cent, sodium bicarbonate solution, instil liquid paraffin, and 
^ shade or keep in a darkened room In more severe cases 
treat as for liquid contamination 

Respiratory Tract — Ehinitis ivill respond to warm douches 
of o per cent, sodium bicarbonate solution When there is 
laryngitis, rest the voice, keep in the fresh air, and give a paraffin 
spray or vapour inhalation. (Identhol, 10 grams, tinct benzoin 
1 oz , sig , 1 drachm to a pint of boiling water.) Some 2 per 
cent, of the mustard cases in the Great War ended fatally. The 
majority of these deaths were from bronchopneumonia To 
prevent this complication keep cases vliere the lungs are involved 
m special wards, warm and Avell ventilated Delate any case of 
secondar}’- infection as it occurs ]\fenthol is useful in allaying 
coughing. 

As pomted out in the Mediml Manml already referred to, it 
is wise to send patients as soon as possible to a special convales- 
cent centre. This vull prevent the onset of “ anxiety ” neurosis 
and such conditions as functional photophobia and aphonia 
Finally, doctors looking after civilian gas casualties should 
remember that gassing does not in itself cause a permanent state 
of ill health. Undoubtedly many gassed patients will develop 
neurasthenia and apply for disabiht}^ pensions Properly handled, 
this state of alfarrs wdl not eventuate 

RroUictive Measures 

(1) There is a standard suit fully described m the Borne Office 
manuals Bone of the recent official publications, hov ever, men- 
tions the important v ork of Major CVov den of the London School 
of Tropical Medicme and Hygiene Writing in the R A MC 
Journal, this officer describes a method v, hereby a man can 
contmue to perform liard manual vork in full protective clothing 
for several hours without ill effects A light drill shirt is put on 
over the waterproof and kept constantly vet vith cold vater. 
The loss of heat by evaporation keeps the wearer cool, (2) 
Several other Uqies of clothing exist for troops in the field 
(.3) For fir’st-aid services there arc the following . (a-) rescue and 
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fiiBt-aid parties — a heavy staDdaid suit (!>) ambulance drivers 
—long coat gloves, gum boots, curtain, and respirator or eye 
ihield (c) undressers — protective apron with sleeves gum boots 
and xespnator (generally civilinn duty) The methods of decon 
tHTTimatrog clothing and buildings etc are fully described m the 
vanous Home OfBco manuals 

GROUP rv — LUNG IHJUTA^’T8 

These gasee may be discharged from air bombs or cylinders 
earned on low flymg aircraft. The gas is heavier than air and 
u earned down wind Immediate apphcntion of the respirator 
give* complete protection, but speed is essential A single breath 
of phosgene may be very dangerous 
Pathdogical Adxon — All lung imtants act on the bronchial 
tubes and alveoh causing acute pulmonary oedema A lacn 
matory effect is also produced (ihloTopicrm is four times and 
phosgene ten tunes more tone than chlonne On post-mortem 
exammatian the chief changes are pulmonary oedema with dis 
mtegiation of the alveoh The bIo<^ becomes concentrated and 
tends to form thrombu Pulmonary oedema may occur within 
two hours of the gaasmg In tho first twenty four hours the 
hmgi are found to be full of blood and are edematous, with 
patches of emphysema alternating with collapsed areas, A 
plcQial effusion may be present After the second day the 
oedema begins to disappear but a secondary infection leads to 
piLeuiDonio patches and pleurisy The haemoglobm may nse to 
140 per cent, m the blood, and is associated with pulmonary or 
•j'lLtmic thrombosis, 

Txfpa — Two group« may bo distinguished the acute 
type with violent onset, and the aonte type with insidious onset 
^^hen the onset is violent phosgene m heavy concentration and 
and chloropicnn will cause immediate symptoms The 
^tient coughs, catches his breath and complains of a pain m 
^^chest. The breathing becomes rapid and shallow deep 
thing b rin gs on a painful cough Retching and vomiting 
the patient is tnocLed out. With the onset of oedema 
breathing becomes rapid snd shallow and the patient becomes 
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hlue, with distended veins (see An Atlas of Gas Poisoning, H M, 
Stationery Office, 1939 ) In phosgene poisoning this hlue phase 
may be passed over and qmck collapse foUow, witlL a rapid pulse 
and symptoms of toxic shock Here the patient may die two 
to three hours after exposure Tins group of acute cases may be 
classified mto (1) mild cases — hushed face, mcreased respiration 
rate, and cough , (2) severe cases — “ blue type, with a full 
pulse , (3) severe type — “ grey ” type, with toxic shock Type 
(1) soon recover ; Type (2) do well if the pulse does not rise above 
100 , Type (3) do badly, and death results from circulatory 
failure or bronchopneumoma In the group m which onset is 
delayed persons exposed to phosgene go on with their duties 
for a few hours and then suddenly collapse with a rapidly m- 
creasing pulmonary oedema, often fatal Sir Wilham Horrocks 
descnbed to me how this delayed action was discovered m 1915 
Some young pigs were exposed to a low concentration of phosgene 
and appeared none the worse Next mommg, however, they 
were all dead 

In the early stages very few physical signs are to be found 
Later the percussion note may not be impaired, but the breath 
sounds become feeble, expecially over the back, where fine rales 
appear Blue cases, which respond to oxygen, may do well, and 
the pulmonary oedema is also over withm four or five days. 
Grey cases with heart failure do badly. Bronchopneumoma often 
supervenes In the Great War 80 per cent of lung-untant deaths 
occurred within the first twenty-four hours 

Diagnosis — There is a distinctive smell, and the history will 
help Chlonne and chloropicrm produce urgent symptoms even 
m low concentrations Belief is immediate on applymg the 
respirator Phosgene and diphosgene, however, even though 
smelt can be breathed without coughmg m low but lethal con- 
centrations Suspect casualties should be carefully questioned 
and examined. If it is certam the patient has been exposed to 
a lung imtant he should he kept at rest for twenty-four hours 
and watched If the exposure has been short and there are no 
symptoms, he may be discharged after a further twenty-four 
hours. 
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Fmt aid muat be begun aa soon as a positive diagnosis is made 
The patient must be treated as a stretober case be kept warm 
and as qmet as possible, and be put on a light diet. Make pre- 
paradons for giving oxygen and performing venesection if signs 
of hmg m 3 ury supervene (dyspnoea tachycardia cyanosis, frothy 
expectoration, and concentration of the blood) 

Treaimeni of Eslaidxshed Cate * — Suspect cases must be kept 
at rest and observed for twenty four hours If no symptoms 
have ansen m the next twenty four boms they may bo discharged. 
In the acute stages the treatment consists m rest warmth, 
venesection, and oxygen If the patient is tided over the first 
few days the oedema will absorb and recovery is possible Treat 
aH lung casualties as stretcher cases and after ad miss ion to 
hospital keep them qmet m bed All contaminated clothing must 
be removed as soon as possible As in the treatment of wound 
shock, it is most important to keep the patient warm. Vene- 
section 18 earned out on the appearance of c^Bnaais IB to 20 oi. 
(400-600 c,cni.) are withdrawn through a needle It is poaaible 
that further eiponence may show that subsequent mtrodnotion 
of normal saline mtravenoualy may be bonefiaal If the cyanosis 
deepens and pulmonary oedema mcrcasea, oxygen is imtiated- 
Venesection is harmful to the grey cases. Oxygen may be 
required to be given contmuoualy for some days. Nurses should 
he instructed m the use of an oxygen tent, closed or open pattern, 
nasal catheter or Haldane s mask. An average of five litres a 
minute will be required for each patient. In the Great War it 
was found that no patient m whom a pmk colour was obtamed 
by the use of oxygen died from pulmonary oedema 
Expectoration may be encouraged by posture The Tor table 
(Mitchmer and Cowell) provides a simple method of lowering the 
patient s head to allow the serous fluid to escape from the 
lungs. No drugs were found to bo of value m the Great War 
If pueumoma supervenes some of the new drugs may be tried 
but no opportunity has yet arisen to test their efficiency under 
these conditions In treatment of the convalescent the remarks 
made with regard to mustard will apply here also 
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blue, witb distended veins (see An Aila-s of Ga^s Poisoning, H M 
Stationery Office, 1939.) In phosgene poisoning this blue phase 
may be passed over and quick collapse follow, vuth a rapid pulse 
and sjnnptonis of toxic shock Here the patient may die tnv 
to three hours after exposure This group of acute cases may be 
classified mto (1) mild cases — flushed face, increased respuation 
rate, and cough ; (2) severe cases — “ blue ” type, with a full 
pulse , (3) severe type — “ grey ” type, with toxic shock Type 
(1) soon recover , Type (2) do veil if the pulse does not nee above 
100 , Type (3) do badly, and death results from cuculatoiy 
failure or bronchopneumonia In the group in which onset is 
delayed persons exposed to phosgene go on with their duties 
for a few hours and then suddenly collapse with a rapidly m- 
creasmg pulmonary oedema, often fatal Sir "William Horrocks 
descnbed to me how this delayed action was discovered m 1915 
Some young pigs were exposed to a low concentration of phosgene 
and appeared none the worse Hext mormng, however, they 
were all dead 

In the early stages very few physical signs are to be found 
Later the percussion note may not be unpaired, but the breath 
sounds become feeble, expeciall}’' over the back, where fine rales 
appear Blue cases, which respond to oxygen, may do well, and 
the pulmonary oedema is also over "mthm four or five days 
Grey cases with heart failure do badly Bronchopneumonia often 
supeiwenes In the Great War 80 per cent of lung-nmtant deaths 
occurred withm the first twenty-four hours 

Diagnosis — There is a distinctive smell, and the history will 
help Chlorme and chloropicrm produce urgent symptoms even 
m low concentrations Belief is immediate on applying the 
respirator. Phosgene and diphosgene, however, even though 
smelt, can be breathed vuthout coughmg m low but lethal con- 
centrations Suspect casualties should be carefully questioned 
and exammed. If it is certam the patient has been exposed to 
a lung irritant he should be kept at rest for t^venty-four hours 
and watched If the exposure has been short and there are no 
<ymptoms, be may be discharged after a further twenty-four 
hours 
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F\nt axd must be begun aa soon aa a pootive diagnoaia is made. 
The patient must be treated as a streteber case be kept -w^rm 
and as qmet as possible, and be put on a light diet. Make pre- 
paratjons for giving oxygen and performing venesection if signs 
oflungmjury supervene (dyspnoea tachycardia, cyanosis frothy 
expectorafaon and concentration of the blood) 

Tmimaxt of Established Cases — Suspect cases must be kept 
at rest *rid observed for twenty four hours. If no symptoms 
have anwn m the next twenty four honiB they may be discharged. 
In the scute stages the treatment consists m rest, warmth, 
venesection and oxygen If the patient is tided over the first 
few days the oedema wQl absorb and recovery is possible. Treat 
all lung munnlhfft as stretcher cases and after admission to 
hospital keep them qmet m bed All contaminated clothing must 
be removed aa soon aa possible As m the treatment of wound 
shock, it 13 most important to keep the patient warm. Vcne- 
sectioEL IS earned out on the appearance of cyanosis 16 to 20 ol . 
(400-600 acm.) are withdrawn through a needle It is possible 
that farther expeneoce may show that subsequent mtroduction 
of normal saline mtravenoualy may be beneficud. If the cyanosis 
deepens and pulmonary oedema increases oxygen is initiated 
Venesection is harmful to the grey cases. Oxygen may be 
required to be given contmuoualy for some days. Nurses should 
be instructed m the use of an oxygen tent, closed or open pattern 
nasal catheter or Haldane s mask An average of five htres a 
minute will be required for each patient In the Great IVar it 
was found that no patient m whom a pint colour was obtamed 
by the use of oxygen died from pulmonary oedema. 
Expectoration may be encouraged by posture The Tor table 
(Mitchmer and Cowell) provides a simple method of lowering the 
pabents head to allow the serous fluid to escape finm the 
lungi No drugs were found to be of value m the Great War 
If pneumonia supers ones some of the new drugs may be tned 
but no opportunity has yet amen to test their efficiency nnder 
these conditions. In treatment of the convalescent the remarks 
made with regard to mnstard will apply here also 
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GROUP V — PARALYSAUTS 

The diagnosis of this group presents no difficulties First Aid — 
Eor both HCN and HgS, prolonged artificial respiration with 
administration of O 2 and COj is indicated In these cases some 
form of artificial respiration by apparatus, such as an “ iron lung”, 
Eve-Kdey roclong stretcher, or the Tor filter, may save hfe 
EuU details are to be foimd m the Medical Manual of Chemical 
Waifare 

SURGICAL TREATMENT OF GAS CASUALTIES 

It Will probably be found that the number of wounded and 
gassed cases wall vary mversely — that is, there will be wounded 
only and no gas, or vice versa In mdividual cases decisions must 
he made according to the circumstances A man contaminated 
with mustard must be stripped and cleansed and reclothed before 
bemg admitted to the pre-operation wmrd and theatre General 
anaesthesia may be madvisable m the case of limg-imtant 
poisoning, but gas-and-oxygen preceded by menthol inhalation 
will probably be safe m mild cases Operatmg theatres, as 
already noted, should be sphnter-proof and gas-proof If these 
precautions have not been taken the surgeon and all the members 
of his team should be prepared to work m respuators if necessary 

CONCLUPING BE3IARKS 

Undoubtedly many gas casualties will arise among women and 
children The children wall require extra nurses, and wiU prob- 
ably fare worse than adults I saw infants with mustard bums 
in some of the vdlages near the hne m Erance dunng the last 
war, hut only m small numbers They made constant demands 
on their mothers 

When gimpowder was mtroduced the men of the time said, 

“ How temble , cannot we go back to the humane bow and 
arrow ^ ” The same has been said of chemical warfare But 
with careful education, preparation, organisation, discipline, and 
detemunation it wiU be easier to protect the people of this country 
against gas than against high-ejplosive or mcendiary bombs 
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A Bhort bibliography is given below for a very foil list of 
tnthon (826) the reader is referred to Hanahan, voL i Dcr 
Okemxs^eErag 1939 
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DETONATIO^^- 0 ¥ HIGH EXPLOSIVE IH 
SHELL AHD BOilB, AEH 
ITS EFFECTS 

By DA'\TD DiLE LOGAN, D S 0 , M D., F B F P S G., 

D.PH, MIKE 

H the official Medtcal History of the War, m order to show low 
little novelty there is in warfare and to point out that mmwg 
dates hack to remote antiquity, I quoted an ancient bistomn 
who described the use of asphyxiating gas in mining at the Siege 
of Ambracia in the year 189 b c. On that occasion the Aetohans 
Shed jars with feathers These feathers were then set on See and 
the resulting smoke blown by billows into the faces of the Homans 
189 B cJ Yet the method adopted by the Germans more than 
a thousand years later was somewhat similar 

In France, in 1917, a group of coUienes m the Bethune district 
was one of the few remaining fields m active operation Although 
one of the collienes, Fosse 8, m this very important mine system 
was in enemy hands, and all the shaft heads and the naming 
villages of Annequin, Vermelles, Philosophe, etc, had been 
frequently shelled, the French had been able to continue working. 
At the height of the submarme menace, when there was an urgent 
demand for coal by the French, the Germans made a determined 
effort to stop production m these coUienes Unfortunately the 
French had delayed bmJdmg off Fos'^e 8, which w'as still used as 
a downcast shaft. Great quantities of chloropicrin gas were 
thrown down this shaft Powerful fans, the modem development 
of the bellows used by the Aetohans, were mstalled in one of the 
coUienes. These earned the gas to aU quarters of the system, 
Mllmg many French miners who were at work, and also members 

214 
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the bottom out of an nonclad at midnight, thus thiowmg four or 
five hundred men into the sea to be choked by water, with 
scarcely the remotest chance of escape ” 

Those who have had much expenence of gas warfare know 
that of all modem weapons it is the most humane, or perhaps 
I should say, the least inhuman, as it causes the least amount 
of suffering, the smallest percentage of deaths, and by far the 
greatest percentage of complete recoveries Proof of this may 
be obtained from the official medical histones issued by the 
vanous combatants m the great war and from standard works 
on gas and chemical warfare 

In 1937 the Representative Body of the Bntish Medical 
Association passed the following resolution 

“ That this Meetmg condemns unreservedly the use of poison 
gas m warfare as inhuman m its results and degradmg to civiliza- 
tion and rehes upon the Council to do everythmg m its power 
with a view to securmg the co-operation of the medical profession 
of aU countries m order to prohibit the use of poison gas ” 

As no mention of high explosive shells or bombs was made, 
the use of these m modem warfare must be considered legitimate 
and humane Those who were responsible must have been 
ignorant of the authontative sources of information I have given 
Perhaps they preferred the work of H G Wells In his book. 
The Shape of Things to Come, there is the foUowmg descnption 
of gas warfare 

“ The tortures of gas were already many and various, and 
most of the mixtures then used left tormentmg weakness m the 
system for the rest of life ” Further on he declares that “ gas 
warfare ranks m horror with the story of judicial torture or the 
story of ntual canmbahsm, but its inhumamty is more stnkmg 
because of its nearness to our tune ” 

In his Sistory of the Next Hundred Years he describes, most 
incorrectly, the effects of mustard gas 

“ It is doubtful if any of those affected by it were ever com- 
pletely cured Its maximum effect was rapid torture and death , 
its Tmmrmim, prolonged misery and an abbreviated life ” 

After I had finished reading the B M.A. resolution I read in 
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the HaiTy nevTBpaper that m Olevelaiid, U B-A, forty constables 
daperaed with tear gas GOO strike pickets and then snpportersl 
In France, as early as 1912 lacmnatons grenades had been 
used by the mihtaiy m civil disturbances, and PrentisB in his 
gnat work, ChanicaU tn War very pertinently points out 

No Government can be open to ccrtadsm, for nsmg against 
an invading army weapons already employed against its own 
unruly nationals (p 688) 

LEOrraiATB OAB WABFABE 

Few people realire that, with what might be termed the 
legitimate weapons of modem warfare m which explosives are 
naed, many casualhes from gas poisoning occur Thmng the 
great war thousands of oasualbea from gas poisoning were caused 
by shells, trench mortar*, bomba and aenal torpedoes bursting 
m deep trenches, dog-outs, ceOara, concrete structures, and 
enclosed places, as well as m ships. Casualties from gas poisoning 
also occurred from mobde chargee used to destroy dug-out 
STstems, from bomba buistuig in hoosee and f ooding basements 
^^ith gas from the bursting of gas mams and pipes, and from 
many other causes. 

Carbon monoxide was the most dangerous gas enoountecred 
m mihtary mnung After a mine was exploded the gallenes 
were filled with gas. In some cases this welled up the shaft s and 
flooded the surroundmg trenches poisoning the occupants. Gas 
poisoning ooourred m gun pits, m olosed machine-gun emplsoe- 
ments owing to the blow back m f^anVn from leakage of exhaust 
and from the use of coke branets m callars, dug-outs, and other 
confined plaoea, As the oflScial Mtdxeol Huiory of the War 
propedy states, m afl these cases the primary object for which 
the eiploBTve was employed was its destructive effect, and it was 
to chance rather than to d esign that one must attribute the 
deadly effects of the fumes 

^Vhen the First Hague Conference was disoussmg the employ 
uient of projectfles the sole use of which is the diffosiori of 
Mphynating or deleterious gases, it was pomtod out that, when 
fi-E. shell detonated, poisonous gases were generated which 
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miglit cause death m confined areas After discussion the 
Conference ruled that, if the splinter effect of a shell was greater 
than its noxious-gas effect, U would be regarded as a legitimate 
weapon, hut if the gas effect were greater it should be banned 
That IB to say, allowance was made for the gases which are 
necessarily produced hy high explosive shells Gas was for- 
bidden, but the most cruel and devastatmg of modem weapons, 
H E shells and bombs, received the sanction of the Conference 
Prentiss very properly pomts out that the question of what 
projectiles were permissible withm the meanmg of the First 
Hague Conference was never actually put to the test, because, 
when gas warfare did begm on a big scale, it was not by projectile 
but by dnft gas from cylmders 

Those who have extensive knowledge of the use of gas m 
warfare are greatly reheved that those m authority have recovered 
from their obsession regardmg the importance of gas attacks 
from the air They have now come mto hne with other coimtnes 
which regard protection against H E bombs as of major, that 
against gas as of mmor, importance It is therefore much more 
important to study the use and effects of high explosives than 
those of gas poisoning, just as it is more important to provide 
sphnter-proof shelters than gas-proof rooms 

HIGH EXPLOSn^ES 

In connexion with defence agamst aenal bombmg certain 
important facts regardmg explosives should he known to aU 
doctors 

TTigTi explosives depend for their action upon the instability 
of the chemical equihbnum of then constituents They are of 
compounds of carbon, oxygen, nitrogen, and hydrogen, so feebly 
combmed that, when fired by combustion or detonation, new, 
simpler, and more stable compounds are formed Once chemical 
action IS started it proceeds with great velocity and the explosive 
IB imm ediately converted into gases with the evolution of heat 
These gases, now occupymg an enormously greater volume than 
the ongmal substance, have powerful dismtegratmg properties 
High explosives are very violent, detonatmg at the rate of several 
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milfti per second many tunes greater than the most violent 
hnmcane In explosives used to propel bnHets shells, etc. the 
combustion is much slower The violence and shattering effect 
of the explosive depend upon the velocity of detonabon which 
vanes m different explosives and also upon the amount of gas 
and heat generated- To effect detonation of high explosive a 
detonator is nsed, whioh, m its action, corresponds to a very 
violent and sharp blow accompamed by heat and flame 

Generally speaking explosivea contam an excess of oxygen, 
and theoretically, should give nse to little carbon monoxide 
But they vary much m this respect, and m the conditions under 
which they are generally employed prodnee oonsiderable quan 
tides of this gas Shells give rue to less carbon monoxide than 
bombs or mobfle charges. In aD of these if from any cause — 
detenoiabon of explosive inanfficieiit detonatoia etc — the wave 
of detonation dies out, and a slower form of combustion results, 
incomplete or partial detonatian is said to have taken place. 
In thu event the products of combusbou are altered, much more 
carbon monoxide and, m addibon, nibous fumes bemg fonned 

When a high explosive is igmted it bams at the rate of a few 
feet per second. Dumig the war explosive salved from the enemy 
and from mines, whioh could not be used was laid out m long 
hnes and destroyed m thu way The products of combusbon 
are quite different from those of explosion or detonabon very 
large quanbbes of catbou monoxide and nitrous fumes bemg 
fonned Such ecodents occurred in the Navy dunng the war 
and, m gold mining on the Band several accidents, where stores 
of explosive unde^fTOund were accidentally set on fire have been 
reported. 

Notwithstanding the colossal scale on which explosives were 
used dunng the war no epoch malnog discoveries were nude 
and none have been made amce, Nitro-glycenne, which was 
<i^*ccwcred m 1840 still remains the most powerful high explosive. 
The large number of new explosivas used dunng the war and 
others which have appeared since are merely new tth i L iiim of 
■ubatanx^ea which have been used for many years, some the 
natural outcome of shortage of certam materials. All the Powers 
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at war, Tvitli the exception of Germany, used practically the same 
types of explosives The Grennans dimng the latter months of 
the Tvar used hqmd air very extensively as an explosive for 
demohtion vork, and for hlastmg operations m makmg dug-outs 
and tunnels They "were also the first to use hquid oxygen for 
supplying oxygen to airmen at high altitudes 

Very valuable information regardmg explosives was gained 
from the extensive mining operations which were earned out on 
the Western Front Never before had explosives been employed 
on such a huge scale The fact that in 1916 the enemy fired 700 
mines, and the Bntish nearly 750, will convey some idea of the 
intensity of mme warfare For a considerable penod 30,000 men 
were engaged m active minin g and in makmg underground 
protection for the troops 

It is the same m connexion with chemical warfare as with 
explosives, for to-day, twenty-four years after the start of this 
type of warfare, the two most effective gases belong to the 
phosgene and mustard gas groups It is necessary to insist that 
the deadhest gases cannot be used m aenal warfare 

Most people have a very vague knowledge of explosives , this 
probably explains then: easy behef m fantastic stones of the 
discovery of wonderful explosives of extraordinary power, tales 
of which are so often circulated by the press One recalls the 
report circulated soon after Amenca entered the war of a new 
American explosive, a tablespoonful of which would uproot St 
Paul’s After the battle of Messmes, when mneteen huge mmes 
containing tons of high explosive were blown, it was amusmg 
to read the statement of one famous correspondent that one 
poimd of ammonal — ^the explosive used — could blow the Mansion 
House to pieces Tales of a similar kind have appeared at regular 
mtervals m recent years , mdeed they are a stnkmg feature of 
the Secret Service and detective novels so widely read 

LIQUID OXYGEX AXD LIQUID AIR AS HIGH EXPLOSIvmS 

A few months ago several newspapers harrowed the feelings 
of their readers by describing the devastating effects of a new 
bomb which had come mto the possession of the Germans and 



221 


DETOJvATlOX OF HIGH EXPLOSIVE 

whicli liad been used m Spam. The high explosive m this bomb 
wmi liquid oxygen It was half the weight of other bombs 
tnd ita explosive energy was eaid to be manv time* greater 
"What are the factat Thii explosive has been m use for many 
year*. It was first employed on an extensive scale m the mating of 
the Simplon Tunnel, where operations had been senously affected 
nrw^ delayed by the dangerous contamination of the ntmosphere 
from hlastmg by nitro-glycerme explosives. It was found safe 
to handle powerful m action, and, except m most exceptional 
arctun*tancea, did not produce poisonous fumes. Liquid air 
plant was installed and hqnid air was used on a large scale to 
nnprova ventilation- After a abort tnal owing to pmcbcal 
difEculties its nse was abandoned. 

For a few years before the war the Germans had been using 
bqmd an as an explosive in minmg and qnairying In the later 
years of the war Germany had available abundant ruppbes of 
hquid air from the manuiactare of rntrogen and great efforts 
were made to render it more practicable and effinent. In 1917 
and 1918 th^ used it for blastn^ in connexion with the con 
■traction of mine gallcnes dug-outs etc and for carrying out 
demolitiona. Towards the end of 1917 I tooL part m an mvesta 
gabon mto its use as an explosive Most valonble mformation 
Was obtained fiom a South Afacan Tninmg engmeer who had a 
very large eipenence of blasting with this explosive Engineers 
on the Rand have had many bitter eipencnces of the fouling 
of the atmosphere underground by high explosives. As the 
death rate from this among native labour was very high, strict 
precaubons were taken, and m many mines compressed air and 
hquid air were m constant use to punfy the air The following 
were the principal reasons for abandoning their use as an explosive 
on the Rand The same reason* prevented thear ndopbon by 
the British dnrmg the war 

One great drawback to hqmd air as an explosive, even when 
the cartridges were ohaiged *n tUu is its variability the explosive 
power of the charge depending upon the proportion of oxygen 
m the cartridge, which necessarily vanes from moment to 
nwment. It u therefore less rehable, lea* efficient, and its results 



222 WAE WOUNDS AM) AIR RAID CASUALTIES 

less easily controlled than other high explosives Another im- 
portant point IS that, although weight for weight hquid air is 
more powerful than gehgmte and other explosives — other 
words its explosive energy is greater — with the type of cartridge 
used, bulk for bulk, it is less powerful As a result the diameter 
of the dnllhole has to be twice that required for gehgmte, etc 
This was a serious drawback to its employment m mmmg I 
understand that Woolwuch Arsenal turned it down as useless 
for propellant work and for bombs 

XNZLAXniAELE AND EXPLOSIVE GASES FBOM DETONATION OF 
HIGH EXPLOSIVE IN BOJIHING, ETC 

The gases from the detonation of a high explosive vary m 
quantity and m composition accordmg to the quahty of the 
explosive used and also to other conditions Those generally 
found are hydrogen, carbon monoxide, and methane (CH 4 ), all 
of which are combustible, and, when present m the proper pro- 
portion, explosive Anythmg which prevents the carbon m the 
explosive bemg converted mto COj, and the hydrogen mto HgO, 
will result m large quantities of H, CO, and CH^ being formed 
This wdl happen when there is imperfect detonation of part 
of the charge Methane is never formed at the time of explosion, 
but results from the action of hydrogen on the oxides of carbon 
as the gas cools down The greater the amount of hydrogen 
formed, the greater will be the proportion of methane 

Explosives contammg TNT give use to considerable quan- 
tities of hydrogen and methane When any of the ammonium 
mtrate group of explosives are detonated m the open — ^for 
example, mobile charges, bombs, etc — more CO, H, and CH^ 
are found than when the explosive is detonated after bemg 
tamped In some of the secondary explosions which I mvesti- 
gated durmg the war all these gases wmre present, but m others 
there was so httle CO that cananes exposed to the atmosphere 
were unaffected 

The tendency of the gases to explode will depend on certam 
factors (1) The amount of gas present — the larger the bomb 
the greater the volume of gas , (2) composition of gases , (3) 
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veloaty and denfity pressure and concentration of the gas. 
The greater these arc the greater will bo the Uability to explode 
"Where gas is present m insufficient volume or in unexplcwive 
percentage and is ignited the flamo becomes spent 

The damage done to tunnels or dug-out svstems by the 
explosion of gases from detonation of high explosive is generally 
hr^ed to a small area and irfll depend upon the force of the 
explosion and be much greater where the tunnels and gallones are 
large much smaller when they are narroir E\ cn when explosives 
are used on a comparatively small scale m blastmg enough gas 
may be given off to cause on explosion Tbo following i* an 
example 

In makmg a deep dug-out in very hard chalh cheddite was 
used for blasting Of the four shots fired two failed to detonate 
one detonated iraperfectlv and one completclv After twenty 
minutes had elapsed the men returned to the face to examine 
the effects and an explosion occurred Inquuy subsequently 
showed that m this case the expIosi\c used had been stored for 
a long tune with consoquent detcnonition. 

During tho war attention was first directed to the eiplosibilitv 
of gases formed from the detonation of high cvplosivcs. In 
January 1910 a tunnelling coropony suffered considerablo 
casualties, the officer another officer and sixteen other rants 
being IdDed As this conveys a very good lesson of one of the 
great dangers of mflitary mining and an enhrtiy tiniTioim danger 
of homhxng I shall gi\o a short description of what occurred. 
Vnlil th\$ ditarier *ra# xnmttgatrd (he danger of carrying a nalrd 
hghi into galUnet in tehteh gat vas tnoim to be present teas not 
apprectated 

The enemy exploded n camooflet — that is, a mine which did 
not break the surface or crater Tho explosion was not mtense 
and damage done to one gaDcry was smalL It is probable that 
the mme had been charged for some time and the explosive had 
detenornted At the tnno four officers and a considerable 
number of men were m the gaHenea. There was an order that 
as soon as an explosion occurred everyone must leave the mme 
an attempt was nude to carry this out, but before thm could be 
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effected a secondary erplosion occurred Tlie tw^o officers near 
the Bite of the explosion were lolled hy the force of the explosion, 
both showing extensive hums , the sixteen men, who were at a 
considerable distance from the pomt of explosion, were kdled 
by carbon monoxide The mme rescue men were able to save a 
large number of the men As a result of this an order was issued 
that no naked hghts were to be used in the gallenes tdl these 
were proved clear of gas Electee hghts were always to be 
employed when gas was known to be present 

Bombs and aenal torpedoes on detonation give nse to large 
quantities of gas, the CO content of which will be greatly m- 
creased if part of the charge is imperfectly detonated Hence 
when they mcompletely detonate m houses, the occupants of 
the cellars and basements are not only exposed to the dangers 
of gas poisomng agamst which the gas mask offers no protection, 
but they run the risk of gas explosions and fixes Durmg the 
war in air raids on cities and towns and villages senous gas 
explosions and Gies occurred and many lost their hves 
The gas thus produced may be ignited by the great heat 
resulting from the detonation of the bomb, or by mcendiaiy 
hombs, or by the -presence of a naked light As bombs penetrate 
deeply before detonatmg gas may be given off from the ground 
slowly, and veiy gradually collect m cellars and basements, to 
be fired by someone approacbmg "mth a naked hght , sometimes 
it may be hours after the bombardment has ceased In other 
cases gas has found its way mto cellars at a distance from the 
explodmg bomb by passmg through fissures that have been 
caused by the explosion Senous gas explosions and fires were 
also caused by the ignition of dlummant gas that had escaped 
from pipes smashed by the explosiom These explosions may 
occur during salvage work among the debns when pockets of 
gas may be fired 

It IS an obvious ‘precaution to make use of dcclrie torches during 
all operations where gas is suspected, and, after an air raid, never 
to enter a cellar with a nalced light 
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TPhen shellfl and bomba bunt in the open carbon monoxide 
witi. rta epecifio gravity of 096 (aUgbtly lighter than, air) u 
qoicMj duopated, which mahes it useless in offenaiTe gas 
warfare. In deep trenches under favourable (that is, duD) heavy 
atmeopheno coaditioiis, violent and prolonged bombardment 
may cause a collection of CO high enough to cause poisoning 
Bnttth French, and German obser.-ers have proved this by 
fin ding CO m the blood of men killed or wounded during the 
•hdhng and by observing symptoms of poisoning — headache 
giddiness, sickness, loss of consoousneas — m a number of those 
exposed- These symptoms were generally regaxded by the men 
as the result of the noise and the shook of shells bursting in their 
’^Kinity Carbon monoxide hos also been discovered m the blood 
of men lolled by the bonding of shells, which, though close to 
them, had caused no apparent wounds, and in the blood of men 
found m a state of shock imditr mmilar conditions This has been 
confirmed by French and German investigators 
Before rt was generally recognised that CX) poisoning m dug 
outs and m other enck«ed places may follow dense salvos of 
high explosive shells, cases of f nlmina nt gas poisoning from 
detonation of heavy shells, used m 1916 on a vastlv mcreased 
gsve nse to the belief that the different oombatants were 
a new asphyxiating gas. Tins idea was strengthened by 
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stragglers from various units The bombardment blocked all 
the entrances, and the gallenes were flooded with fames from 
the explosive shells, which asphyxiated most of the occu 
pants, a considerable number of whom died. Six hundred 
BurvrvorB were taken prisoners. 

The Tunnel Conullet held by the Germans was composed of 
three gallenes each a thonsaud feet long and eleven feet broad. 
There was an exit from each gallery Ventilation was obtamed 
from hand fans and from a number of ventilating shafts m the 
roof There was accommodabon for three battabons. During 
the French attacks salvos of shells bursting near the entrances 
already sealed by the exploaons, gassod the pioneers and 
pre>eaited them freemg the entrances. Next day a large shell 
penetrated the tunnel doing great damage, and another came 
through the ventilating shaft Many of the gamson were 
poisoned by carbon mononde and a large number died. The 
rest were so demoralired that do attempt was made to clear the 
entrances. Many prisoners were captured In this case very 
few deaths were caused by direct violence The vast majority 
were the result of gas poisoruog 

HOW ffOCTH ACOIDEKT8 WERE FttEVEMTED 

In modern trench warfare ^d aenal warfare ade<]nate under 
ground proteebon is all important The British defence on 
Givenchy Ridge m April, 1910 forms an excellent example of 
how the effects of intense shell fire on dug-outs may be combated 
and supports Profeasor Haidaoe s plea for deep underground 
protection m A.H P 

Several attempts were made by the enemy to capture the 
Ridge, each attack bemg preceded by heavy shelling which 
however failed to orush the entrances to the deep dug-outa. 
Three of the entrances were protected by ferro-ooncrete mono- 
btha each with a mmimnm thickness of four feet one entrance 
was m a oeBar strengthened by rads aid a bursting course, and 
three other entrances were covered by elephant shelteiB with a 
triple course of rails and five feet of broken bnoks as a burstmg 
course. Gas, either from explosives or from gas shellmg, was 
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prevented from gaming admission to the dug-outs by etBcient 
gas curtains and gas doors The troops were thus perfectly safe, 
as was abundantly proved by the success of the counter attacks 
which cleared the enemy off the high ground 

Gas from the detonation of shells, bombs, mobile charges, 
miu enwerfers, etc , has been known to gam an entrance into 
cellars and dug-outs at some distance from the burst through 
fissures m the strata or through cracks m the walls of the build- 
mgs In an mtensive bombardment by heavy sheUs or by 
bombmg, the ground m the affected area may become saturated 
with gas This is more likely to occur if there has been imperfect 
detonation of the explosive, or if heavy sheUs and bombs with 
tune-fuses have penetrated so deeply that when detonation 
occurred no craters formed In all these cases gas may find its 
way mto ceUars, basements, or dug-outs by percolating through 
the porous ground or through crevices formed m the ground 
It IS weU to remember that when gas percolates through sod it 
loses its distmctive odour and becomes all the more insidious 

On the Western front hundreds of deaths from CO poisomng 
resulted from the detonation of mobde charges used for destroy- 
mg dug-outs and subways. The foUowmg is a good example of 
what happens, and it also shows the great value of efficient rescue 
work 

Prehmmary to a hostile raid there was an mtense bombard- 
ment of the British front hne trenches The ventdation of the 
mfantry tunnel was seriously disturbed by the detonation of 
mmenwerfers which crushed m two of the entrances Shortly 
after sheUmg stopped the entrance to the shaft leadmg to the 
tunnel was Mown m by a mobde charge brought over by the 
enemy raiding party A demohtion of our own which was m 
the shaft mouth was fired by the action of the enemy charge 
Of thirty-six men who were m the tunnel, twenty-five lost their 
fives by CO poisomng before they could be rescued hime rescue 
men with apparatus were qiuckly on the scene and succeeded 
m rescumg and resuscitatmg eleven men, all of whom wnre 
unconscious and seriously affected All these men requned 
oxygen, most of them artificial respiration In two cases oxygen 
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ftdmuustxfttion wba kept np for ten liotirfl All recovered The 
enemy mobile charge which detonated onr charge at the shaft 
month had given nae to large quantitie* of gas. 

It 18 well to remember that very often more gas la given off 
when explosives in large qnnntity are fired m the open than 
when the explosive is fired after being properly tamped- The 
fact that ventilation^ owing to the entrances having been pre- 
viondy crashed m was defective would aocentnate the action 
of CO and the presence of even small percentages of CO would, 
under such conditions, have serious consequences 

Many mmilflr to the above were caused du r i n g the 

frequent Bntuh raids on the enemy lines, the tmmellers, who 
accompanied the infantry carrying over very heavy mobile 
charges of high explosives. Owing to the high concentration of 
CO m these cases, and to the difficulty of setting up good ventila 
hon, the entrances having been destroyed death would follow 
very qmokly In some places where there was incomplete 
detonation of the charges nitrons fnmes as well as CO were 
fonned. 

oausE or diiath of ocxhtpakts of covcecte sheltees gun 

JEOTKD TO BOUHlRnilEKT OF HEAVY HTrRT.T.H ANB BOMBS 

Becently questions have been oaked regarding the effect on 
the occrupants of concrete sheHere of severe concussion from the 
detonation of bombs Although aerial bombing owing to the 
considerable mtervals between bursts is entirely different from 
mtensrve bombardment by shells, it is mteresting to recall some 
experiences during the war 

The nature of the ground on Messmes Ridge, where there is 
a water beanng sand about twenty feet below the surface made 
the construction of dug-outs impossible Ferro-concrete shelters 
were therefore used and proved of the greatest value m resisting 
shell fire, A large proportion escaped senous damage, although 
the entrance* were blocked It is very questionable if the occu 
pants of these concrete shelters could remam m a condition able 
to fight or e\-en to sumve under repeated concussion from the 
bursting of heavy shells. It was qurte common to find the 
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oc-cupants dead in sLelters tvMcIi liad Tjeen Mt. but not penetrated;, 

eight-incli shells. In these cases there rras no qnestion of gas 
A nnmher of these shelters in the village of Messines "were prae- 
ticahT intact, and vet tie rvood lining and everything inside vas 
shattered into many pieces, siowing that the concussion must 
have been terrific. Anyone rvio has experienced, as I have 
machine-gim fire in a “ piQ-hox ” inovs tie painfnl effect tie 
concussion has on tie ears, and tiis ironld he many times less 
than tie effect of heavy shells landing. Commotio cerehii irould 
he caused hy tie intense vibration being transmitted throngi 
tie bony stmctnres to the central system. Yanons methods were 
adopted to lessen the intensity of the sioeh, but without success 
After their painful experience at Messines and Langemarck, it 
was qnite common for tie enemy to leave tie pill boxes during 
heavy siehing and get into neighbouring shell holes, returning 
to the pin boxes when the barrage lifted. 

BIMEDIAIE EZF3CIS 07 DTTOrCATIOX OF JSJGH EXFLOSnrSS 

It is very necessary to nnderstand what happens when a large 
shell, trench mortar, bomb, or mobile charge explodes Before 
considering this I sionid point ont one great difference between 
shells and bombs or mobile charges. The high explore content 
of a projectile mom a gnn is greatly reduced by the thick Trails 
of the shell which are necessary to withstand tie sioak of dis- 
charge. The mobile charge or the bomb, on the other hand, is 
nearly all high explosive. 

Wien a charge of high explosive is detonated there is first, 
an enormous expansion of gas. This is referred to as expansion, 
or explosive wave, or simply as blast, and corresponds to the 
Exench vent dn projectile ", This is followed hy another wave, 
a rremendons inmsh of air, which has been variously described 
as recoil, snctiorL or aspiration. Sir Pxederich Mott, from the 
various pathologica] findings, refers to the first as the wave of 
compression, and lo the second as tie wave of decompression. 
Some observeis hold that the latter has even greater destmcrive 
acrion on the human body rhan blast. 

Ir is not necessarv in rhis amcle to describe the extraordinarily 
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varied effocta of bombing on buUdings in cities and towns. This 
has been very vividly described ond minutely detailed by Pro- 
fessor J B 8, Haldane John Longdon Da>nes, and other wntera 
from thar recent expenences m the Spanish War In order to 
illustrate the two explc^vo waves, let me quote Professor 
Haldane in hu roost interestmg and mformative work AJLP^ 
which I adMse all doctors to read He describes how when 
bombs burst m a Spanish street, the metal shutters of shops 
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Not*. — TT i* tfaia of tbo r«ie* A md D will depcod oo tlia unoont of 
exploctro tn tliell or bomb. 

which had not been knocked down were sucked outwards, nnd 
when a bomb fell inside a house a large part of tbo shattered 
walls fdl mwards. 

By far the greatest number of casualties resulting from de- 
tonation of heavy H E shells and bombs is caused by flying 
piece* of sheD bnck, stones, and debns which ore impelled at 
great veloaty and may cause death hundreds of feet from the 
exploded bomb or ahelL A considerohlo percentage of the 
casualties are caused by crushing, by buiymg, and by a^hynation 
&om the collapse of buildings, entrauces to ceUara, dug-outs, etc 
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Inside tlie zone of raaximnm violence bodies may be tom to 
pieces and mutilated by the force of the explosion Men may 
be hurled by the force of the explosion and smashed agamst 
bmldmgs or agamst the ground 

Wounds produced not by missiles, but by the explosive waves, 
may be produced (a) from without mwards, this due to the 
enormous compression and velocity of the gases (the explosive 
wave travels many times faster than the fiercest hurricane), or 
(b) from within outwards, durmg the recoil 

To give some idea of the mtensity of the blast. Sir Fredenck 
Mott, m his book. War Neurosis and Shell Shock, quotes the 
Amencan Medico -hlihtary Report, which stated that an “ aneroid 
showed that the explosion of one of these shells caused a sudden 
atmospheric depression of about 350 mm of the mercury tube, 
correspondmg to a dynamic pressure of about ten tons to the 
square yard ”, 

There is no doubt that many cases of sudden death, where 
no wounds were found, were caused by the seventy of the blow 
over the heart or epigastnum Sir Frederick Mott beheves that 
the enormous aenal compression “ may be transmitted to the 
fluid about the base of the bram and cause shock to the vital 
centres of the floor of the fourth ventncle causmg instantaneous 
arrest of the function of the cardiac and respiratory centres ” 
This, he held, explamed many of the cases of sudden death where 
there were no visible mjuries to the body In descnbmg a 
personal experience of his own durmg the war when he was m 
the vicimty of burstmg shells Professor Haldane thought that 
death m some similar conditions might be due to paralysis of 
the breathmg 

The second, from withm outwards, explains the burstmg open 
of cavities as well as the extensive and strange character of the 
wounds occasionally noticed m the vicmity of explosions After 
the burstmg of large shells, bombs, and trench mortars near 
dug-outs or cellars, the parts of the body which would be affected 
by the suction are those which contam gas, and one would expect 
to find conditions smnlar to those produced in accidents m 
caissons but more exaggerated 
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buildmgSj etc , it must be remembered that m modem warfare 
life would be impossible without adequate underground shelters, 
and that these undoubtedly saved many thousands of hves 
durmg the great war In an article m the Spectator m February 
1939 I pointed out that “ the expenence of the war and recent 
experiences m )Spam proved that nothmg so quicHy gives con- 
fidence and allays pamc m heavy bombardment by high explosive 
shells and bombs as the provision of efficient underground shelters 
The imperative duty of the Government is the adequate provision 
of large underground bomb-proof shelters m those cities and towns 
which are hkely to be attached Undergroimd accommodation 
for hospitals on a large scale should be commenced at once The 
bombmg by the Germans durmg the war of the crowded hos- 
pitals at Staples may be remembered by many I saw the ghastly 
results Hundreds of the patients, doctors, nurses, and staff were 
killed or wounded ” 

These opimons, I may add, have m no way been affected by 
the last authoritative pronouncement on the subject, which 
rejected deep underground protection against bombmg as 
unnecessary and imdesirahle, as well as hemg econoxmcaliy 
impossible 
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war hoapitaU aod other bandings or private houses 
be used as hospitals, come under the general direction 
tor of Ilealth- Existing hospitals wdl hovroN'er con 
administered bj their own governing bodies while 
as hospitals wiU be odministcred either by one of 
cal authorities or by a neighbounng hospital 


CLASSmCATIOK OF DOSPITALS 

r have been classified into three categnnes Class 1 
which are capable of giving full surgKail treatment 
titutions BDch as Poor Law institutions and con 
imea, which ore capable of providing reasonable 
htie* and Class 3 infectious disease* hospitals, 
a 1 has ogam been divided into (a) hosprtals of over fifty 
s, and (6) hospitals of under fifty beds. Separate wings or 
ds of mental hosprtals arc also being used and may bo graded 
^Jlass 1 or 2 according to the facibties nvaiTablo. The few 
tmg Banco hospitals wiU, os for as possible be re s er v e d for 
cases, though wounded civdiana wQl bo taken m if neces- 
j for temporary shelter pending removaJ to a civilian hospital 
nee casualties will also be treated in civilian hospitals, 
lany Class 2 hospitals are being upgraded to the status of 
s* 1 by the provision of operating theatres and equipment, 

r^hartlole tm written befon the o ntbratk of wmr and tbe arrEnjement* 
nbod in It art now in £on» wiUxmt matjnW aiteratioa. 



2u wiPv wouisros Am) air raid casualties 

hmJdmgSj etc., it must he remembered that in modem Trar&re 
life TTonld be impoBidble ‘vritbout adequate nndergronud Bbelters, 
and tbat these nndonbtedlj saved many tbonsands of bves 
dniin g tie great yrar. In an article in tie Spedalor m Februaiy 
1939 I pointed ont that “ tie erperience of tie Tvar and recent 
espeiienees in Spain proved tiat nothing so gnicldj gives con- 
fidenc-e and allays panic in heavy bombardment by high explosive 
shells and bombs as the provision of efficient underground shelters 
The imperative dnty of tie Government is tie adequate provision 
of large nndergronnd bomb-proof shelters in those cities and towns 
vriich are likely to be attacked- Underground accommodation 
for hospitals on a large scale should be commenced at once* The 
bombing by the Germans during tie vrar of the crowded hos- 
pitals at Staples may be remembered by many. I saw tie ghastly 
results. Hundreds of the patients, doctors, nurses, and staff were 
killed or wounded-'’ 

These opinions, I may add, have in no way been affected by 
tie last authoritative pronouncement on the subject, which 
rejected deep underground protection against bombing as 
unnecessary and undesirable, as well as being economically 
impossible. 
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jical hospital though in tune apocial types of cases vill be 
Mferred to the care of surgrona ^nth spocmlized eipenence 
termty irards or hospitals and infectious diseases hospitals 
b one or two exceptions wil! not bo used for the reception 
Msualties In country distncta where a largo increase m 
luUtion is expected many of them are being expanded by the 
bonties responsible 

DISTBIBimO^ OF PATIENTS 

JthoDgh in practice it ts impossible to protect a hospital com 
ely from the effect of air raids some form of protection can 
ally be pro\nded ilemorandam E MR No 1 of the Ministry 
tfealth makes detailed recommendations of the precautions 
ch should be taken and the terms under which financial help 
be given. No one can foresee with any certainty where 
laities may occur but while every suitable hospital is expected 
ake m and provide tempomn shelter for persons mjured m 
nnmediate noighboorhood permanent treatment will only be 
nded in those hospitals a Inch experience shall show to bo 
wnably safe. For this purpose most of those m the larger 
ns have been grouped or aflUiated with those in the surrouj^ 
country to which their cases, and if need bo some of their 
I, will be transferred 

he essence of the scheme is fluidit} and it may well happen 
t patients will have to be moved either by road or rail for 
iparatively long distance! Ambulance trains with a canr 
capaaty of o\ er 10 000 stretcher cases, will be formed bv 
verting brake \'tns to take stretchers bj means of special 
mgs which have already been manufactured and stored 
5 of the advantages of central control is that there a no ngid 
I of demarcation between one distnct and another and 
lenta may be treated wherever suitable accommodation la 
liable. 

ADlmnSTRATTVE FEB80WEL 

he Director-General of the Emergency Medical Services and 
staff at the Min i s try of Health are supported by Consulting 
risers” leading physicians and surgeons representing aU 
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vrlnle certain selected hospitals in safe areas are being expanded 
by the provision of extra beds and by tbe erection of huts, each 
calculated to take forty beds Structural improvements and 
alterations are being made in many of the bmldmgs, and addi- 
tional samtary and cooking facilities provided vdiere required to 
enable them to cope vuth an mcreased number of patients These 
adaptations and temporaiy fittmgs are not of the standard 
usually found in first-class hospitals , but, if not elaborate, they 
at least enable first-class ivork to be done without throwmg too 
great a stram on the medical and nursing staffs The cost of the 
adaptations is bemg borne by the hlmistry — ^in voluntary hos- 
pitals up to 100 per cent and m publicly owned hospitals up to 
70 per cent , with a maximum liability on the local authority of 
one-tenth of a penny rate Full particulars of the whole scheme 
are given in an official pubbcation of the Mmistiy of Health, 
Memo. Ho 2, which can be obtamed from the Stationery Office 
or through any bookseller. 

[Many country houses have been offered to the Government, as 
in the last war, but with a few exceptions they have not been 
accepted owmg to the difficulty of adapting them for acute 
surgical work and of providing skilled staff. If the war lasts for 
a long time, and if many of the towns continue to be unsafe for 
habitation after the first few months, no doubt accommodation 
for convalescent cases would have to be found Hut that is a 
problem which can be met when it arises The accommodation 
required for civilian casualties is very different from that neces- 
sary for the combatant services, which are imder an obhgation 
to house and keep their personnel, preferably in disciphned umts, 
for as long as they remain in tbe forces A convalescent civihan 
casualty can be discharged to his own home, to the care of his 
fnends, or to a billet if he has no home to go to, as soon as he is 
no longer in need of in-patient hospital treatment 

Certam hospitals or parts of hospitals, smtably staffed, have 
been set aside for the treatment of such conditions as jaw injuries, 
nervous troubles, and other cases requiring specialized treatment 
Probably a very high percentage of aU casualties will be classified 
as orthopaedic, and at first will have to be admitted to any 
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well clear of it, Muoli of the valuable x ray and other therapeutao 
equipment m the central hospitals is also to be moved out to safer 
hospitals at the earliest opportmuty 

WAS TOia MKDIOAL APPOINTHKNT8 

The war will be accompanied by big ohangee in the distribu 
taon of popnlation, resulting not only &om the Qovenunant s 
evaouataon scheme, but from the mcreased demand for labour 
of all kmds m different parts of the country and medical practice 
must adapt itiielf to the altered conditions. The demand for 
doctoiB will be mcreased, but the official use made of their ser 
vioee must be determined by the situation as it changes. The 
staffs of hospitals m areas which prove to be untenable must of 
necesarty be transferred elsewhere, while the staffs of safer 
hospitals win have to be angmentod, either by using part time 
medical men m the neighbourhood or by the appomtment of 
whole-tone resident physicians and surgeons. MobDe surgical 
teams and other viaitmg speoialista are being appomted to cover 
particular areas. 

These arrangements are being made by the hospitals them 
selves on the advice of the Hospital and Group Officers and with 
the approval of a Central Emergency Committee of the Bntash 
Medical Associataon, which acta nnder the authority of the 
Ministry of Health and is representative of all sections of the 
medical profession. The headquartais of thm committee is at 
B. M .A, House, Tavistock Square. The committee him m turn 
formed Ixxal Emergency Committees representing the profusion 
m vanons centres. It has prepared a register of practically aH 
the doctors m the oountry, \ particuIatB of their quahhcations 
and experience. Rates of erataon for whole-time and part- 
tune service hav ^ the Slmistry j consultation 

with the uon and otL representative 

bodies They rates pai y the fighting 

fwrvices, so th r i i ence between 

appomtanents to Mo ' bole-tune ap- 
pointments are with i and lodgmg, 

which IS app pUin R-A M. C 
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aspects of professional work, appointed on the advice of the 
Presidents of the Eoyal Colleges of Physicians and Surgeons A 
hfatron has also been appointed Eor pmposes of administra- 
tion a whole-tune medical officer, known as a “ Hospital Officer ”, 
has been stationed in each of the eleven Civil Commissioners’ 
Regions mto which England and Wales have been divided He 
m turn is assisted by the medical officers of the counties and 
county boroughs m his region, who act as his agents m then own 
respective distncts In some of the larger centres of population 
the Hospital Officer is also assisted by a leadmg medical man of 
the distnct known as a Group Officer, "who is primarily concerned 
with matters of staff, professional treatment, and the allocation 
of hospitals for specialised work m the grouped or affihated 
hospitals of that town and the surroimdmg country 

HOSPITAL ADMINISTRATION IN LONDON 

The complex system of local government m London does not 
lend itself to the control of hospitals over a sufficiently wide 
area, and consequently London is administered somewhat dif- 
ferently. Greater London has been divided into ten sectors, each 
radiating from a centre at which is one or more of the great 
teaching hospitals These sectors contam many widely different 
types of hospital and extend well mto the surroundmg counties 
The Hospital Officer for London is assisted by a Group Officer m 
each of these sectors, appomted on the recommendation of what 
may be termed the “ parent ’ teachmg hospital of the sector 
The Group Officer works from a Sector Office situated at the 
outskirts of the sector Under the Hospital Officer he is respon- 
sible for the movement of patients ivithin his sector, as well as 
for matters of staff and treatment He m turn is supported by 
a sector Matron to adnse on the distnbution of nursmg staff and 
by a sector lay officer for non-professional work 

In London, central hospitals at the apex of the sector have been 
reduced m size and wull be used for httle more than the temporary 
reception of casualties Patients are to be transferred at first with 
the utmost speed to what may be termed advanced base hospitals 
on the frmge of London and eventually to large base hospitals 
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veil clear of it Mooli of the valuable x ray and other therapeutic 
equipment m the central hospitals la also to be moved out to safer 
hospitals at the earliest opportunity 

WAB TIME MEDIQAL APPOINTMENTS 

The var will be occompamed by big changes m the distnbu 
ton of population, resultmg not only from the Government’s 
evacuation scheme, but from tbo increased demand for labour 
of all kinds m different parta of the country and medical practice 
must adapt itself to the altered conditions. The demand for 
doctoiB will bo increased but the official use made of their ser 
vices must be determined by the aituation ns it changes The 
stafi of hospitals in areas which prove to be untenable must of 
necessity be transferred elsewhere while the staffs of safer 
hospitals win have to bo augmented either by using part tnne 
medical men m the neighbourhood or by the appomtment of 
^ole- tame resident phymcians and surgeons. Mobile surgical 
teams and other vaitang specialists are bemg appomted to cover 
particular areas. 

These arrangements are bemg made by the hospitals them 
selves on the advice of the Hospital and Group Officers and with 
the approval of a Central Emergency Committee of the Bntiah 
Medical Association which acts under the authonty of the 
Mirustry of Health and is representative of aD scctaons of the 
medical profession. The headquarters of thiK committee is at 
B-MjL House, Tavistock Square. The committee haa m tum 
formed Local Emergency Committees representing the profession 
m vanous centres It haa prepared a register of practically all 
the doctors m the country with particulars of their qualificationB 
end eipenonce Rates of remuneration for whole-time and part- 
tene service have been fixed by the Ministry after consultation 
■with the BntiBh Medical Association ond other representative 
bodies. They approximate to the rates paid by the fighfang 
services, so there will be no greet financial difference between 
appomtmenta to cml or mflitary work. Most whole-tnne ap- 
pomtmentB are at the rate of £550 a year with board and lodging, 
^rhich B approximately the pay of a captom m the RjLM,C 
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men appointed to senior posts, sucli as hospital supermtendents 
or specialists m charge of a medical or surgical division, receive 
much the same pay as they vrould for similar posts m the Army 
The function of the Central Emergency Committee is to supply 
the professional personnel required for the medical administration 
of the countiy as a whole, mcludmg that of the fightmg services, 
as circumstances may prove to he necessary Its organization is 
designed to take into consideration personal factors, for which 
local knowledge is required Until called up for service in one 
capacity or another, medical men should remam where they 
are and contmue with then ordinary work , if they change their 
address they should keep the Central Emergency Committee in- 
formed m their own interests A Central Emergency Committee 
for Uursing, with headquarters at Eomney House, hlarsham 
Street, London, S W 1, has also been formed The supply of 
hospital nurses is being greatly augmented by the Civil Hursing 
Eeserve, which consists of framed nurses and assistant nurses 
not at present servmg m hospitals, or as district nurses, or in 
pubhc health work, and of nursmg auxihanes, who are now 
bemg recrmted and framed. 

STOEES AUn EQUIPilENT 

Vast quantities of hospital stores and equipment are bemg 
manufactured, and some 100,000 casualty beds, ivith the necessary 
beddmg and ward eqmpment, have been issued to selected hos- 
pitals All hospitals have been asked to keep a month’s supply 
of expendable stores m hand, and they will draw then supphes 
direct from their own supphers, as m times of peace Large re- 
serves of drugs and dressings have also been accumulated m 
vanous parts of the kmgdom to meet any unforeseen shortage, 
or for use when transport arrangements may be difficult and 
uncertauL 

Local authonties are being encouraged to develop and expand 
whatever blood transfusion services exist m their district In 
London the Medical Research Council has arranged for the 
establishment of a series of depots or empanellmg stations for the 
registration and testing of donors These donors wdU be asked to 
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attend the nearest depot as aoon aa their service* are required, 
liarge quantities of blood, which will keep for some three weeks 
will be collected and stored under suitable conditions, 

nNANOB AITD TBANSPOBT 

Rattt of payment by way of advances have been worked out 
by the Ministry of Health and the British Hospitals Association 
pending a review of the oost of providing these services bnt it 
IS agreed that additional temporary financial assistance may 
well have to be provided. A war of long duration and the sub- 
sequent drying up of voluntary eobscnptions may well cause 
senoua finanruRl embarrassment to institutions depending on 
chanty a position of which the Government is folly aware It is 
not, however possible m an artwle of this kmd to discnas the 
many financial difficulties which wiD affect all hospitals m tune 
of wir 

^0 hospital scheme would be complete without adequate tnins 
port In every district there will be fleets of ambulances conaut- 
mg of cngle-deok passenger buses specially fitted for the carnage 
of stretebeiB. Most of them will be able to take from eight to 
tea lymg cases. They will operate between the hospitals or be- 
tween hospitals and trams, and are not mtended for the coHeotion 
of casualties m the street, for which smaller commercial vehicles 
are bemg used, usually adapted to take two or four stretchers- 

PBEPARATOEY MEASimES 

Every hospital mcloded m the Ministry s arrangements knows 
at the outbreak of war of the part it is eipected to play As 
many paUents as possible will be sent home, and about 100 000 
beds will be freed m twenty four hours Additaonol beds will be put 
up m the wards, most of them being supphed by the Government 
and beds will be installed m spare accommodation not now used as 
'wards — to provide another 100 000 beds In certam towns where 
by these means alone enough beds might not be made available 
for the immediate reception of casualtiefi, a selected number of 
patients will be moved by ambulance or tram to other mstitutiona 
m safer areas pendmg their recovery and discharge. In the course 
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of time certam hospitals may be freed entirely for aeute work by 
the transfer and concentration of chrome sick elsewhere Such 
arrangements are far from ideal, and wih seriously mconvemence 
the smooth running of the institutions concerned But beds have 
to be found No one can foretell the extent of the casualties 
from enemy raids or service overseas or the extent to which beds 
for ordmary sick may be required for the civil population, many 
of whom will be hvmg away from home Although huts are 
being added to more than 100 hospitals and institutions m order 
to provide some 40,000 new beds, and one or two entirely new 
hospitals are to be built m districts where there is a pressing 
need, these new beds alone might be unable to cater for the 
increased demand Every institution must then be prepared 
to stram its exis ting accommodation to the utmost at least m 
the first few months of war. There is reason to beheve, however, 
that most hospitals fuUy reahze then responsibihties and are 
fully prepared to suffer whatever sacrifices may be necessary to 
ensure a final victory. 



i ORGANIZATION OF THE EJIERGENCY 
ilEDICAL SERAHCES 

n FIRST AID POSTS 

Br C SEELEY M B , B 8 D PH. 

Under tho Air Raid PrccfL^tionn Act 1037, and the Air Raid 
PrccautioM (Oencrol Schcmea) Rogolationg, 1038 count) councils 
and county borough counala (and a few amaller authontics) are 
charged mth tho reaponaibilit) of setting up certain medical 
service*. These services locludo arrangements for the collection I 
of coiuolties by means of ffhat are colled first aid parti es, or 
Stretcher parties , their transport to aid pcwts or recciMng hos i 
pitals and their treatment m the aid posts or in country areas ^ 
at first aid points. Local authontics are not now responsible 
for jiospital treatment or for inter hospital transport wluch ora ^ 
tie direct rcsponaibilrty of the Ministry of Health and the 
Department of Health for Scotland hot all branches of the 
casualty service are clovly related and apart from the recruiting 
of personnel and their preUminory training and arrangements 
for first-aid parties are now all controlled by the Health De 
partmenta. 

The difficulty of planning a suitable first aid service lies m the 
absence of any data or cxpenence on which to estunate tho 
number of the casualties likely to be caused or the places where 
they may be expected to occur Conditions m Spam China or 
Abywmia where there was practically no ground defence and 
very inferior air defence were very different from the conditions 
wluch now prevail m England In addition the possible use of 
gas complicates the arrangements to be made It is significant 
that gas was not used m Spam or Clima, and not, it may be 
supposed, from motives of humanity It was used m Abyssinia 

‘ Thli ntWe vu vritteo before the ontbreek of Tar 
o 1 ... 
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against troops without cover, without personal protection, and 
"Without any training in defence measures But while it would 
he unsafe to conclude that it would not be used in England, even 
if only in an attempt to cause panic and to hamper defence 
measures agamst other forms of bombing, some protection 
against mustard gas is comparatively easy and the casualties 
caused should not be very severe Gas is a bulky substance to 
carry m an aeroplane, and its military value against civilians in 
houses IS msignificant compared wth high-explosive or incendiary 
bombs Nevertheless casualties may be caused by mustard gas, 
and arrangements for their treatment must be made 

One of the mam anxieties of the larger general hospitals is that 
their proper work of dealing "with severely mjured cases requmng 
m-patient treatment might be senously hampered by the arrival 
of large numbers of less seriously mjured persons demanding 
attention In order, then, that these hospitals may function to 
the best advantage an efficiently organized system of first-aid 
parties and first-aid posts is essential 

ITRST-AID PITIES 

Each first-aid party consists of four men, fully trained in first 
aid They are stationed at depots throughout the distnct, and 
on recemng information that casualties have occurred at a 
particular place, voll proceed "with then stretcher, either on foot 
or m a car pro'vided for the purpose, to the site, to which one or 
more of the small street ambulances will also be sent. Each 
member of the first-aid party carries a pouch ivith first-aid 
requisites, and is trained to give such attention as is necessary 
to save life or to allow the casualties to be moved Members of 
the party must exercise discnmmation in the initial disposal of 
cases, either send ing them home or to a first-aid post or a hospital, 
as may be appropnate It is important that, during the periods 
of activity and pressure immediately following a raid, hospitals 
and aid posts should not have unnecessary work thrown upon 
them, as would be the case if casualties which ought to have gone 
to aid posts amved at hospitals and others whose injuries 
necessitated immediate hospital treatment were sent to aid posts. 
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Senous ahotild bo transferred to hospitals direct if they 

are likely to require m patient treatment 

It would be ideal for a doctor to go to the srte of a raid and 
be the first to see the patient but enough doctors will not be 
available after the calls of the fighting services, the civil hospitals, 
the aid posts, and distncta receiving evacuees have been met. 

AiIBULA^OE TRAhSPOBT 

Every scheme-making local anthonty has earmarked a number 
of commercial vehicles to serve as ambnlances. Fittings have 
been made which convert the vehicle mto an ambulance capable 
of carrymp; two or four stretcher cases for at least a short distance 
m comparative comfort These street ambulances arc stationed 
at depots throughout the distnct They will take cases direct 
from the scene of the accident to hospital or to an aid post, os 
advised by the leader of the strotcher party Each ambulance 
^ an orderly m attendance m addition to the dnver 

rmST *rn POSTS 

The functioiis of aid posts may be stated to be (a) To act as 
a buffer to the hospitals and so prevent them from being over 
crowded by the leas senoualy mjured (6) To give immediate 
and nutial treatment to such senoualy injured casualties ns may 
for one reason or another come to the aid post before going to 
hospitoL (o) To treat and send to them homes the slightly 
injured including persons suffering from nervous shock, (d) To 
provide cleansing facilities for persona who have been con 
taminated by gas, either wounded or unwounded unleo separate 
cleansmg stations have been set up for the unwounded. 

In order to fulfil these conditaons, and to ntilue buildings 
which can be adapted at short notice and which the pubho are 
already accustomed to associate with medical treatment, aid 
posta have been sited at hospitals or clinics wh er ev er possible 
or in buildings close to hospitals. It la a guiding principle in 
military surgery that casualties must be evacuated from the 
front Ime as soon as possible. Condibons on the home front will 
be different, masmnch as there will bo no front Ime with com 
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munications leading back to the rear by way of the casualty 
clearing stations Nevertheless, it will still be desirable to move 
casualties out of the danger area as soon as possible Hence 
major surgical work should not be undertaken at aid posts 
From the very position of the aid post, however, as the first 
medical unit in the casualty organization, patients may well be 
admitted who require immediate surgical intervention before 
they can safely be moved to the casualty receiving hospital In 
order to give such treatment, to superintend the work of the 
staff, to admmistcr dangerous drugs or tetanus antitoxin, and 
above all to make an accurate diagnosis of the extent of the injury 
and of the type of treatment required, medical men are placed 
in charge of first-aid posts, and the necessary equipment provided 

MOBILE UNITS 

As well as fixed aid posts established in buildings, mobile aid 
posts or mobile units have been formed m many districts to 
serve the needs of a ivide area A mobile unit consists of a van 
fitted with removable cupboards and containers in wluch is 
stored all the necessary equipment of a post The units are 
usually placed at hospitals or at some convenient centre at which 
the nucleus of a staff can be quickly collected Such mobile units 
will go to the scene of the accident, which may be in a small 
township some miles aw^ay, and attend to the casualties either in 
the open or in some convement building Patients will not be 
dressed m the vehicle itself, which is m no v ay intended to serve 
as an operating theatre, but merely as a conveyance for stores 
and personnel 

Ftrsl-Azd Points 

An aid point is little more than a box of dressings placed in 
the surgery of a doctor or m the house of a district nurse or at 
some point where the few casualties which may be expected can 
be collected and given first-aid treatment pending the arrival of 
a mobile unit or an ambulance. 

ADMINISTRATION AND LAY-OUT 

First-aid posts should have facilities both for first-aid work 
and for the cleansmg of persons contaminated by gas Aid posts 
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■varv m their individaal lav-out according to the accommodation 
available but in general they consist of a reoeivmg room, a 
treatment room and a rent room in which patients can wait 
before going home or being removed to hoepitaL Patients will 
not be kept m an aid post for longer than is necessary Arrange 
ments for cleansing gas-contaminated persons are aUo made m 
separate rooms if thev are available 


FiTgi Section 

This consists of (1) A reception room to which casualties 
are admitted the extent of the injury asacssed, personal belong 
mgs and valuables collected m a bag and a casualtv record cord 
ilP C 44 made out (2) A first aid room where the necessary 
medical treatment u given and notes mode on the casualty 
record card particularly the administration of morphine or any 
other information of value m subsequent treatment (3) kn 
evacuation or rest room in which patients can wait pending 
discharge home or to hospital a separate casualty card 3LP C 
40 win be used for patients being transferred to hospital and 
wiQ be sent along with the patient. 

Cleansing Seelion 

Outside the reception room there should be an open shed 
where grossly contaminated outer clothing can be removed and 
put into bins before the patient enter® the buildmg where any 
further clothes may be removed. A separate cleansmg room 
where washiug facilities are provided and prophylactic or bleach 
treatment earned out may or may not be provided but where 
a separate room is not available or cannot be easily provided 
Washing fadhties should be available m the reception room. A 
drescing room where cleansed persona are provided with clothing 
may or mav not be the aame room as that used for the discharge 
of non-contamiuated casualties Separate accommodation for 
the sexes is not essential WTiere the building docs not lend itself 
to separation screens or curtains can be made to pro\Tde the 
neceesQty pni-acy 
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nmnicationi; leading back to the rear by way of the casualty 
clearing stations Nevertheless, it will still ho desirable to mo\e 
casualties out of the danger area as soon as possible Hence 
major surgical work should not be undertaken at aid posts 
Eroin the very position of the aid post, however, as the first 
medical unit m the casualty organization, patients may veil he 
admitted who require immediate surgical mtervention before 
they can safely be moved to the casualty recei%nng hospital In 
order to give such treatment, to supermtend the work of the 
staff to administer dangeroas drugs or tetanus antitoxin, and 
above all to make an accurate diagnosis of the extent of the mjuiy 
and of the type of treatment required, medical men are placed 
m charge of first-aid posts, and the necessary eqmpment prodded 

310BILE UXITS 

As well as fixed aid posts established m buildings, mobile aid 
posts or mobile units have been formed m many districts to 
seiwe the needs of a "wide area A mobile umt consists of a van 
fitted with removable cupboards and containers m vhich is 
stored aU the necessar}^ equipment of a post The units are 
usually placed at hospitals or at some convenient centre at vhich 
the nucleus of a staff can be quickl}’’ collected Such mobile umts 
wdl go to the scene of the accident, vhich may be m a small 
township some miles away, and attend to the casualties either m 
the open or in some convenient buildwg Patients will not be 
dressed m the vehicle itself, which is m no vaymtended to sen'c 
as an operatmg theatre, but merely as a conveyance for stores 
and personnel. 

Firsl-Aid Points 

An aid pomt is little more than a box of dressings placed m 
the surgerj' of a doctor or m the house of a district nurse or at 
some point v here the few casualties which may he e.xpected can 
be coUec'ted and given first-aid treatment pendmg the arrival of 
a mobile unit or an ambulance 

ADJIIXLSTPATIOX AX'D LAY-OUT 

Fust-aid posts should have facilities both for first-aid vork 
and for the cleansing of persons contaminated by gas Ad po.sts 
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vary m their individual lay-out according to the nccommodatioa 
a^•tulable but in general thc\ consist of n rocemng room a 
treotnicot room and a rest room in which paticnti can wait 
before going home or being rorao\’ed to hospital Patients will 
not bo kept in an aid post for longer than is ncccssm Armnge- 
ments for cleansing gas-contammatcd persons are also made in 
separate rooms if thej arc available 


4xd Section 

This consists of (1) A reception room to which casualties 
are admitted the extent of the injury obsessed personal belong 
mgs and \nlaable8 coTlectod in a bag and a casualty record card, 
MJ?C 44 made out (2) A drrt aid room where the necessary 
medical treatment la gi\en and notes made on tlio casualty 
record card particnlarf} the administration of morphine or on\ 
other information of ^•nlno in snbsequcnt treotment (3) An 
evacuation or rest room in which patients can wait ponding 
discharge home or to hospital a seporato cnsualtv card "M P C 
4C will be used for poticnts being transferred to hospital and 
will be sent along with tlio patient 


Clennnng Section 

Outside the reception room there should be an open shed 
where grossly contaminated outer clothing can bo remo\’ed and 
put mto bins before the patient enteni tlie budding where ony 
further clothes may bo removed A separate clconsmg room 
where washing facilities are provided and prophylactic or bleach 
treatment earned out may or may not bo provided but where 
a separate room is not available or cannot bo caail} provided 
washing facilities should bo availnble m tho reception room. A 
diessmg room where cleansed persona ore providod with clothing 
may or may not bo the same room as that used for the discharge 
of non-contanunated casualties. Separate occommodation for 
the sexes is not essential Where the buildmg does not lend itself 
to separation screens or curtains can bo made to provide the 
necessary privacy 
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PEB&ONXEL 

Fjrst-aid posts come under the general administrative control 
of the medical officer of health, and are under the immediate 
executive control of a medical officer placed in charge of the post. 
In many eases local authorities have designated the doctors for 
this work m consultation "with the Local Emergency Committee, 
The medical officers appointed are paid m peace time a fee of 
twenty guineas a year, and are responsible for the collective 
training of the personnel In this way they get to know the 
personnel of their posts, and a team spirit is mtroduced which 
adds to its efficiency. A large post, excluding reserves, consists 
of a doctor and a staff of sixty (ten men and fifty women), a small 
post of a doctor and forty (seven men and thirty- three women), 
each divided mto three eight-hour shifts A mobile unit consists 
of a doctor and seven men or women per shift The team should 
if possible include at least one trained nurse and a number of 
nursing auxilianes Where required for the large posts a small 
skeleton staff of ten per shift may be employed whole-time, but 
the others iviU be part-time volunteers It is highly probable 
that most aid posts ivill never treat a single casualty, and it may 
well happen that in the course of a war lastmg perhaps for some 
years many of them may be given up 

"When the air raid warning signal is given the shift hable for 
duty should report at once, if they can reach the post before the 
raid begms , if not, they must try to get there as soon as 
the streets are reasonably safe One of the advantages of havmg 
a post sited at or near a hospital is that some staff is always 
available, ready to start work as soon as the first casualties begin 
to arrive Eirst-aid parties or stretcher bearers do not form part 
of a first-aid post They are more closely associated with other 
ARP workers, such as rescue and demolition parties, and con- 
sequently arc stationed at or near the depots to which the earliest 
mformation of the raid will come The medical officer of an aid 
post IS not responsible for the trainmg or organization of first-aid 
parties. 

Aid posts vary so much in size, in lay-out, in the number of 
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casualties they may be expected to treat at one time, and 1 
condition* under vduch. they may have to mjtk that no nrufo 
standard of organiiation is possible or desirable. What mij 
be suitable m a large aid poet m a congested city liable to be 1 
object of repeated and concentrated attack would be qu 
inappropriate for an aid post m a small and remote conntry tor 
The wort will be very similar to that of a busy surgical a 
patient department, with the addition of a separate staff 
deahng with persons contaminated by gas if any such ca 
should occur Selected attendants will be required to be on di 
at the door to prevent the entrance of unauthorized persons 
well as to help with the reception of casualties. Clerks, me** 
gets and store-keepers will also be required. The medical offi( 
m charge is required to conduct at least twelve training sessK 
m the year and will probably find that the judicious choice o 
suitable roan or woman to serve ns adjutant and be responsi 
for the allocatiau of duties and the general npervison of 1 
orgEiuiaUon will relieve him of much non -clencal work. Nev 
thcleas this will not relieve him o! hia primary lecponaability 
the efficient admmistrataon of the post. A quarterroaster 
store-keeper u an equally important member of the team, M< 
than half the staff will be employed m non medical duties, I 
it 18 desirable that all should bo as highly tramed m first aid 
IS possible. Training parades should mdude practical work 
first aid and anti-gas measures, a limited number cf lectures 
the medical officer and practice in dealing with a rush of casu 
ties, preferably m combination with the practices of firat-i 
poihe* and ambulances. Each member should be given 
opportunity of obtaining practice and experience m the vane 
dutie* of the post. 


COVCLUWOV 

It IS an axiom that every great war is different from the la 
No well-defended country with efficient ground defences and 
active and adequate air force hw as yet been the subject of aer 
bombardment and though the speed of modem aircraft mal 
it probable tbatanumberof machinss may penetrate the defenc 
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it IS impossible to foretell vrhsit life in large cities 'nill be bie 
Certainly conditions wiU be in no way comparable to that of 
troops m tbe last war exposed to long-contmued penods of 
intense bombardment in comparatively shallow trenches, from 
which they might not move. In most towns m England attacks 
wiU be sudden and almost unexpected, and will be followed by- 
long penods of complete safety. The casualty semce must 
therefore be one which can be rehed on to function m all parts 
of the country at short notice after long periods of comparative 
peace Later on it will probably be necessary to modify the 
arrangements m the hght of expenence, but for the first few 
weeks the pohcy must be one of hopmg for the best and preparmg 
for the worst. 
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